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Foreword

“Downstream, that’s where we are all headed. Out in the flow, we all feel it, sometimes
turbulent, sometimes gentle flowing, but always moving...downstream.”
Richard Russo
Empire Falls

Human history is replete with stories, songs, and pictures documenting the extraordinary
importance and value of rivers to our lives. Almost every situation in life is reflected in
rivers. Rivers are among the most animated of inanimate objects; among the liveliest of
non-living natural things. Rivers offer us solace in times of trouble and instill awe in the
power they can generate. They can provide a gentle place to rest, float, and think, but yet
are persistent enough to erode even the hardest canyons the earth can muster.

Rivers touch all parts of the natural environment and nearly all aspects of human life and
culture. They often act as centers of organization within landscapes. Their roles in
providing natural resources such as fish and clean water are well known as are their roles
in providing transportation, energy, diffusion of wastes and recreation (Naiman and Bilby
1998). However, as a consequence of this close relationship, the integrity of rivers is
often challenged. Fish ecologist and essayist Peter Moyle has been quoted as saying “no
matter how bad things are on land, you’ll find that they’re worse in nearby rivers.”
(Shepard 2001).

Sociocultural evolutionists have postulated that the United States has evolved from a pre-
industrial society, to an industrial society, into what Daniel Bell (1973) coined a post-
industrial society. Such societal changes are generally accompanied by changes in what
society values. In the 1960’s of the United States, this included an increased interest in
the well-being and sustainability of our natural resources. This document is intended to
provide support to those concerned with the well-being and sustainability of large
rivers.

There is a Chinese proverb that states the mark of a successful man is that he has spent an
entire day on the bank of a river without feeling guilty about it. While this quote most
likely speaks to the man’s freedom from the need to earn money, the closest most of us
will ever come is to enjoy earning our living on the banks of a river. This document
represents an opportunity to do just that.

The US Environmental Protection Agency through its Office of Research and
Development (Cincinnati, OH) and Regional Methods Initiative funded much of the
research described herein and subsequent production of this document. The US
Environmental Protection Agency, Office of Water, Office of Science and Technology,
Washington, DC provided additional funding for document production. Tetra Tech, Inc.
provided primary technical support. Much appreciation is extended to the extensive list
of reviewers who provided thoughtful and detailed critique of earlier drafts, and assisted
our efforts to push the document toward scientific peer review standards. Any
shortcomings, however, remain the responsibility of the authors.
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Preface

In 1998, the National Exposure Research Laboratory (NERL) of the US Environmental
Protection Agency’s Office of Research and Development (USEPA-ORD) received
funding to develop standardized protocols for the bioassessment of large (i.e., non-
wadeable) streams and rivers. The request came from scientists in USEPA’s regional
offices who recognized that states and tribes need these protocols (which we term Large
River Bioassessment Protocols or LR-BP), to meet their monitoring and enforcement
objectives. In response, we conducted several years of research and development to
adapt existing or devise new protocols, specific to the ecological and logistical demands
of these large, flowing systems. We systematically compared alternative approaches and
documented their performance characteristics, collaborating extensively with regional,
State and Tribal scientists to ensure that the protocols were both technically feasible and
economically practical.

We originally conceived of this document as a compilation of these research results. At
the request of the user community, however, we have expanded it to present a
comprehensive technical framework for the bioassessment of non-wadeable streams and
rivers. While presentation of the LR-BP remains our main focus, several other
bioassessment approaches exist that vary in purpose and technical approach. Therefore,
the document is structured to show the technical relationship of the LR-BP to other
protocols, and to assist the user in the selection of those that best allow programmatic
management objectives to be met. We realize that in some cases protocols will need to
be modified; to support these cases, the document provides information to assist the
reader in determining the performance characteristics of the modified protocol.

In several locations in the document, specific programs have been highlighted to provide
examples of how program elements might be more fully developed. Highlights are not
intended to indicate endorsement or recommendation of these programs, nor should they
be used as a stand-alone reference for field application. For more information on field
applications, please consult the cited materials on these programs:

Kaufmann, P. R. 2000. Physical habitat characterization - non-wadeable rivers.
Chapter 6 in J. M. Lazorchak, B. H. Hill, D. K. Averill, D. V. Peck, and D. J.
Klemm (editors). Environmental monitoring and assessment program - surface
waters: field operations and methods for measuring the ecological condition of
non-wadeable rivers and streams. US Environmental Protection Agency,
Cincinnati, OH.
http://www.epa.gov/emap/html/pubs/docs/groupdocs/surfwatr/field/nonws1.html

Moulton, S. R., 1, J. G. Kennen, R. M. Goldstein, J. A. Hambrook. 2002. Revised
protocols for sampling algal, invertebrate, and fish communities in the National
Water-Quality Assessment program, U.S. Geological Survey Open-File Report
02-150. http://water.usgs.gov/nawaga/protocols/OFR02-150/index.html
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Merritt, R. W., J. D. Allan, K. W. Cummins, K. J. Wessell, and J. G. O. Wilhelm.
2003. Qualitative biological and habitat survey protocols for Michigan’s non-
wadeable rivers. Submitted to the Michigan Department of Environmental
Quality, Lansing, ML.

Ohio River Valley Water Sanitation Commission (ORSANCO).
http://www.orsanco.org

For the most recent field operations material from the US Environmental Protection
Agency’s, Environmental Monitoring and Assessment Program, please consult:

Angradi, T. R. (editor). 2006. Environmental Monitoring and Assessment
Program: Great River Ecosystems, Field Operations Manual. EPA/620/R-06/002.
U.S. Environmental Protection Agency, Washington, D.C.
http://www.epa.gov/emap/greatriver/fom.html

Peck, D. V., D. K. Averill, A. T. Herlihy, R. M. Hughes, P. R. Kaufmann, D. J.
Klemm, J. M. Lazorchak, F. H. McCormick, S. A. Peterson, M. R. Cappaert, T.
Magee, and P. A. Monaco. In press. Environmental Monitoring and Assessment
Program - Surface Waters Western Pilot Study: Field Operations Manual for Non-
Wadeable Rivers and Streams. EPA 620/R-0?/xxx. US Environmental Protection
Agency, Washington, DC.
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Chapter 1.0 Introduction

1.1  Purpose of the Document

The target readership of this document is primarily program managers and technical staff
involved in the development and implementation of biological monitoring programs for non-
wadeable streams and rivers. The document is intended to assist users in establishing or refining
protocols, including the specific methods related to field sampling; laboratory sample processing;
taxonomy; data entry, management, and analysis; and final assessment and reporting. It also
reviews and provides information on development of monitoring designs to address certain types
of environmental questions, and approaches for documenting and reporting data quality and
performance characteristics for large river biological monitoring. The approaches presented are
not intended to replace existing program components but may in some cases be useful for
refining them. Throughout the document, “large rivers” is used as short-form for “non-wadeable
streams and rivers,” which are defined as lotic systems more effectively and safely sampled with
boat-based field methods than with wading techniques.

The principal purposes of this document are to:

e Serve as a framework for the development of bioassessment programs and biocriteria
for large rivers, as needed by water quality management agencies for establishing
Water Quality Standards (WQS), determining attainment or nonattainment of
designated uses, evaluating effectiveness of mitigation or restoration activities, and to
contribute to the Total Maximum Daily Load (TMDL) process;

e Provide information that can be used to enhance existing river assessment programs,
including elevation of the scientific/technical foundation;

e Provide the essential technical elements for routine biological monitoring and
assessment programs;

e Foster clear communication among agencies and other entities for mainstem rivers
crossing jurisdictional boundaries; and

e Describe how assessment procedures and strategies can be tailored for different types
of rivers.

1.2 Transitioning from Streams to Rivers

Streams and smaller rivers that are considered “wadeable” (Section 1.2.3) are abundant in terms
of number and total length, and relatively easy to sample compared to large rivers. As a result,
efforts to develop appropriate sampling protocols for the bioassessment of lotic ecosystems have
been focused primarily on smaller systems (e.g., Barbour et al. 1999). As these methods become
increasingly refined and accepted, a growing number of government agencies are developing
sampling protocols for large rivers (Humphries et al. 1998). Realizing that this may be a
relatively new area of responsibility for many, a brief overview of key ecological concepts
relating to the topic is warranted.
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1.2.1 Key Ecological Concepts About Large Rivers

Scientific knowledge of river ecosystems has expanded greatly over the last three decades (e.g.,
Johnson et al. 1995, Lorenz et al. 1997, Ward 1998, Tockner and Stanford 2002). However,
there remains a need to test current assumptions with data. The following concepts of river
ecosystem structures, functions, and controlling factors are generally well-accepted today by
river ecologists. Future monitoring of our Nation’s large rivers will probably support many of
these assumptions, while some may prove incomplete. In any event, ongoing and upcoming
work will provide an opportunity to develop a better understanding of this class of ecosystems.

The ecological condition of large rivers is affected by drivers (e.g., climate, geology) and
stressors that exist at multiple spatial scales (Frissell et al. 1986, Lubinski 1993, Naiman 1998,
Ward et al. 2001, Wiens 2002). Drivers that operate at larger spatial scales tend to exert their
control over longer temporal scales and cycles (Naiman 1998, Poff and Ward 1990). Within a
basin, as rivers increase in size in the downstream direction, predictable gradients occur in the
forces that shape the river, control the substrate, and provide organic material (Huet 1959,
Vannote et al. 1980). In response to these natural forces, rivers are ever changing as they
advance downstream (Ward 1998, Fausch et al. 2002).

Rivers tend to be located at lower elevations than smaller streams within the same basin. They
also often have shallower elevation gradients, trap more sediment, and have longer retention
times than their upstream tributaries. These conditions, with the exception of localized areas
where the channel is constricted, generally result in substrates dominated by finer particles.

Under natural conditions, river discharge increases with downstream distance. The predictability
of the flow regime of a large river is typically greater than that of its smaller, flashier tributaries
(Johnson et al. 1995). Under natural conditions, the primary sources of energy in a large river
(i.e., detritus, fine particulate organic material, and attached bacteria) are usually allochthonous
(i.e., carried downstream by tributaries), except where water clarity allows development of
substantial plant biomass. The River Continuum Concept (Vannote et al. 1980) holds that local
photosynthesis in large rivers is limited by turbidity. However, the presence of dams,
floodplains with large backwaters, or large amounts of woody debris in a large river reach can
reset energy processes to conditions more like those that occur in moderate-sized streams (Ward
and Stanford 1983, Junk et al. 1989, Thorp and DeLong 1994, Bayley 1995). Under these
conditions, autochthonous (instream) energy production through photosynthesis and invertebrate
production each increase.

Large rivers frequently exhibit distinctive reach or microhabitat characteristics that are attractive
to individual or groups of species (Stalnaker et al. 1989, Montgomery and Buffington 1998,
Ward 1998). Reach distinctions frequently are reflected in different riparian vegetative patterns,
community types, and habitat (Lubinski 1993). Microhabitat associations are often observed
during specific life history stages, seasons, or discharge ranges. An especially important
characteristic of large rivers is that conditions in their microhabitats change widely with river
discharge (Reash 1999). Population changes in response to year-to-year variations in discharge
are considered to be an important contributor to riverine biodiversity (Galat et al. 1998, Knutson
and Klass 1998).
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The flora and fauna of large rivers are adapted to and controlled in large part by these physical,
chemical, and hydrologic conditions. It is important to note, however, that large-scale
distribution patterns of many species, both terrestrial and aquatic, still reflect zoogeographic
patterns established by land-forming processes (e.g., glaciation) that occurred many thousands of
years ago. Large rivers, in the context of either their tributary networks or even broader spatial
scales, function as landscape corridors (Lubinski and Theiling 1999). The landscape corridor
function of large rivers is of special value to migratory birds and fishes, especially for birds with
ranges extending beyond the basin itself.

In large rivers with substantial floodplains, annual flood pulses of allochthonous material from
the floodplain have been identified as perhaps the most important hydrologic feature governing
year-to-year changes in ecosystem productivity, and possibly biological diversity (Junk et al.
1989, Ward 1989, Welcomme 1985). Over-bank flooding onto floodplains facilitates the lateral
exchange of nutrients, organic matter, and organisms between the main channel and associated
floodplains (Benke and Meyer 1988, Meyer 1990, Sparks et al. 1990). This in turn increases the
biological activity of the river ecosystem (Bayley 1989, Junk et al. 1989, Meyer 1990) and
expands the physical habitat available for fishes and aquatic invertebrates (Welcomme 1989).
During periods of floodplain inundation, fish forage mainly on terrestrial organisms (Reimer
1991). Some organisms (e.g., burrowing crayfish, [Crustacea:Decapoda]) considered aquatic
actually live in seasonally dry floodplains and actively enter the aquatic environment during
flood conditions, comprising a significant portion of the diet of some riverine fish species
(Flotemersch and Jackson 2003). Floodplain interactions contribute to increased food intake and
growth rates in most river fishes (Lowe-McConnell 1975, Welcomme 1985), and may account
for up to 75% of annual growth (Welcomme 1985).

Today, most large rivers have been altered by a variety of human activities (Welcomme 1985,
Dynesius and Nilsson 1994, Galat and Frazier 1996). Humans have altered the physical
templates of rivers, the hydraulic dynamics of their channels and tributary networks, and the
land-use characteristics of their basins to an extent that has had a large, but complex, impact on
the biota (Bayley 1995). Even so, efforts have been made to predict how riverine assemblages
might respond to imposed changes (Ward and Stanford 1983, 1995). In such disturbed systems,
management requires restoration of altered system features to desired levels of quality (i.e., to
support designated uses) and the conservation of river features that still exhibit desirable
conditions (National Research Council 1992).

1.2.2 Bioassessment and Rivers

The aquatic life of streams and rivers (fish, insects, plants, shellfish, amphibians, etc.) integrates
the cumulative effects of multiple stressors generated by both point source and non-point source
(NPS) pollution. Bioassessments, consisting of surveys and other direct measures of aquatic life,
are the most effective way to measure the aggregate impact of these stressors on waterbodies.
Bioassessments allow evaluation of the biological integrity of a waterbody, where biological
integrity is:

The ability to support and maintain a balanced, integrated, and adaptive
community with a biological diversity, composition, and functional organization
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comparable to those of natural aquatic ecosystems in the region (Frey 1977, Karr
and Dudley 1981, Karr et al. 1986).

In recent years, this subject has been comprehensively addressed and interested readers should
consult the large amount of existing literature (e.g., Plafkin et al. 1989, USEPA 1990, USEPA
1992, Davis and Simon 1995, Barbour et al. 1999, USEPA 2005).

All streams and rivers are susceptible to cumulative impacts from all upstream anthropogenic
disturbances including chemical and organic pollution, dams, channelization, overharvest,
invasive species, and land use. The greater the distance between a reach and its headwaters, the
more these disturbances accumulate, so that large rivers are often the most ubiquitously disturbed
type of lotic system. As a result, determining undisturbed conditions for large rivers is difficult.
The fact that the natural structure and function of larger order streams are fundamentally
different from those of smaller, wadeable systems (Vannote et al. 1980, Minshall et al. 1983,
Junk et al. 1989, Sedell et al. 1989) highlights the need for bioassessment methods tailored to the
special circumstances that large rivers present. For example, there are physical habitat
conditions that are unique or of increased significance to large rivers, such as backwater habitat
(Sheaffer and Nickum 1986, Scott and Nielsen 1989), islands (Thorp 1992), woody snags
(Lehtinen et al. 1997), and floodplains (Petts 1996, Benke 2001). Because these areas serve as
additional physical habitat in large rivers, they influence the dynamics of the biological
community. However, although science recognizes the importance of these unique habitats to
the overall condition of a river system, relatively few attempts have been made to incorporate
habitat condition into an overall assessment of river condition (Poulton et al. 2003, Gutreuter et
al. 1995).

The size of large rivers makes expense, logistics, and safety important issues that need to be
incorporated into ecologically-sound sampling methods. For an adequate assessment of large
rivers, the length of channel that must be sampled to capture the diversity of organisms and
habitats is greater than that for smaller, wadeable streams. Many wadeable stream techniques are
also not feasible or relevant to large river systems. These complications have led many river
assessment programs to: 1) omit biological assessment of large rivers, 2) simply apply wadeable
methods to wadeable areas of larger rivers, or 3) drop certain assessment parameters that are
more difficult to measure in large rivers, such as benthic macroinvertebrates, and base
assessments only on fish sampling and visual habitat assessments. None of these solutions allow
for a comprehensive, and scientifically defensible evaluation of the condition of our Nation’s
large river systems, and therefore, will not provide the information needed to determine
appropriate Aquatic Life Uses (ALUs) for the Clean Water Act (CWA).

1.2.3 Resource Typology

No consensus has been reached on what criteria should be used to differentiate between
wadeable and non-wadeable (i.e., large river) systems. There is no clear geographic point along
rivers that consistently discriminates when they become non-wadeable. Rather, there is a zone of
gradual transition between wadeable and non-wadeable conditions before a river becomes
predominately non-wadeable (Figure 1-1). As a result, criteria for defining large rivers will
likely vary across the country.
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Figure 1-1. The delineation between wadeable and non-wadeable streams is not discrete, but rather
a gradual transition (after C. Yoder, personal communication).

Some of the more common designations in use include a priori stream designations such as
stream order (e.g., >4" order) (Strahler 1957) and drainage area (e.g., >5000 km?). Using
Strahler order, Leopold et al. (1964) estimated that there are approximately 5000 rivers of 5"
through 7" order, and 50 of 8" through 10" order in North America. However, use of Strahler
order alone has not proven to be a reliable stand-alone predictor of whether a river is wadeable or
non-wadeable and, hence, whether a wadeable or non-wadeable sampling approach will be
required for collection of a representative sample. In a recent paper by Wilhelm et al. (2005), the
problem of defining the resource is discussed and quoted herein:

A non-wadeable or large river can be defined as a reach where the investigator cannot
wade along its length (Meador et al. 1993) or from bank to bank (Edsall et al. 1997).
However, the progression from small to large river is continuous, and even the
demarcation between wadeable and non-wadeable is an indistinct boundary, because the
status of a single location can change between wet and dry months or years. It is
desirable to establish guidelines that can be applied prior to visiting a site and used to
define the sampling universe of large rivers for a region. Large rivers have been defined
as those that exceed a drainage area of 1600 km2 (Ohio EPA 1989); an average depth of
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1 m (Stalnaker et al. 1989); a width of 50 m (Simonson et al. 1994); or a river order of six
or greater (Vannote et al. 1980, Sheehan and Rasmussen 1999). In contrast, Reash
(1999) set a much higher threshold by defining a large river as one with a drainage area
greater than 20,000 km?.

An alternative to strict, a priori order or area designations is for field crews to make the
designation after arriving on site. Others have adopted a multi-criteria approach. For example,
Wilhelm et al. (2005) defined non-wadeable rivers of Michigan as those that equaled or
exceeded a river order of five, drainage area of 1600 km?, mainstem length of 100 km, and mean
annual discharge of 15 m%s. Another example is provided by the Idaho Department of
Environmental Quality (Grafe 2002) where several criteria are used for designating a system as
wadeable or non-wadeable. Criteria considered include average width at baseflow, average
depth at baseflow, average greatest depth, site discharge, mean annual site discharge, and site
drainage area. After a review of the strengths and weaknesses of each parameter, three were
selected, each of which is scored and then averaged. They are: 1) stream order on a 1:100,000-
scale map, equal to or greater than 5 = 1 point, 2) average wetted width at base flow greater than
or equal to 15 meters = 1 point, and 3) average depth at base flow greater than or equal to 0.4
meters = 1 point. If the average of the scores in the three categories is greater than or equal to
1.7, it is classified as non-wadeable. If the average is less than 1.7, it is considered a wadeable
stream. Additional criteria are used to delineate between medium and large rivers. However, the
same protocol is used in each.

Two other characteristics that can be used to classify sites as non-wadeable are whether they are
boatable or raftable and whether riverine species predominate. This would include sites that
have lowhead dams, small hydroelectric facilities, or navigational dams, yet retain the
generalized form and function of a flowing river ecosystem. It would exclude sites that function
as reservoirs (e.g., publicly owned reservoirs, reservoirs managed for flood control or water
supply), which are better assessed with protocols designed specifically for lentic systems (e.g.,
USEPA 1998). An example of an application following the non-wadeable logic is Lyons et al.
(2001) which defined rivers in Wisconsin as lotic systems having at least 3 km of contiguous
river channel too deep to be sampled using wadeable techniques.

As an alternative, a conceptual classification that combines features of the above approaches
with physical and biological attributes of the system can be used. As summarized by the River
Continuum Concept (RCC) (Vannote et al. 1980), lotic systems present a longitudinal gradient of
physical conditions including width, depth, velocity, flow volume, and temperature. For
example, proceeding downstream, river systems become broader, canopy cover decreases, and
water temperatures increase. In response to these changes, stream segments are progressively
influenced less by adjacent and more by upstream contributions of materials. This
conceptualization, however, must be tempered with the realization that many rivers receive
significant inputs from the seasonal coupling with their adjacent floodplains as well as
connections with adjoining off-channel waterbodies (e.g., wetlands, oxbows) (Junk et al. 1989,
Meyer 1990). This gradient of conditions is likewise reflected in the aquatic communities (e.g.,
algae, benthic macroinvertebrates, and fish) that have adapted to the physical conditions of a
given reach along the system (Flotemersch and Jackson 2003, 2005).
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In response to this gradient of changes, the methods used to sample the biotic communities must
likewise change. For fish sampling, this means a progression in gear from backpack
electrofishers in fully wadeable stream reaches, to the use of tote barges in deeper wadeable
waters, to boat- or raft-based electrofishers. For macroinvertebrate sampling, the downstream
progression from wadeable to non-wadeable reaches generally entails a shift from sampling the
available habitat of the full channel to sampling in shoreline areas with dip-nets or artificial
substrates. For sampling of algae, there may be a need to switch from an assessment based
completely on periphytic diatoms to one including phytoplankton and soft algae. It should be
noted that at some sites, transitional zones may be encountered that are composed of both
wadeable and non-wadeable sections, and thus may require a hybrid approach to meet specific
study objectives.

Integrating these additional attributes of systems, a conceptual classification can be constructed
to serve as a guide for site classification and assessment approaches. Descriptive characteristics
could include drainage area, Strahler order, functional features, narrative definitions (i.e., ability
to sample), or other discriminatory characteristics useful for a particular region. An advantage of
this approach is that by paralleling the conceptual framework of the RCC, conceptual
classification can be used to place a site or reach in context within a larger watershed or
landscape and thus help define and focus bioassessment and monitoring activities and restoration
goals. One drawback of this approach is that a categorical framework is being applied to a
system that exists along a continuum. Consequently, some sites may not fit neatly into a single
category. In such cases, additional information may be required or a weight-of-evidence
approach employed.

Here we present a prototype classification that includes classes for large and great rivers using
some of these characteristics (Table 1-1). Because of geographic differences that exist among
river systems, modifications to the table will certainly be required to ensure broad applicability.
As is evident in the provided example, the chart may be very general, exhibit much overlap, and
vary greatly by region. The “Functional features” presented assume the systems being discussed
are in undisturbed condition.

1.3 Overview of the Large River Bioassessment Protocols

As stated in the Preface, the impetus for the development of the Large River Bioassessment
Protocols (LR-BP) was a need expressed by Regional scientists of the USEPA to develop
standardized protocols specifically designed for the bioassessment of large rivers by States and
Tribes. Criteria established for the final protocols were that they:

e permit the sampling of one or more sites per day;

e De scientifically defensible and statistically robust;

e Dbe suitable for incorporation into routine monitoring programs;

e have the capacity of addressing often multiple and simultaneous objectives of
agencies; and

e produce assessments acceptable to State, Tribal, and National programs with a
reasonable level of effort.

Concepts and Approaches for the Bioassessment of Non-wadeable Streams and Rivers 1-7
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TABLE 1-1. Prototype site classification approach for streams and rivers.

Functional features
(ecological)

Narrative definition
(sampleability)

Drainage
Bioassessment area (range, Strahler
protocol class km?)? order
A. Headwater <3 km 0-3"
streams
(Intermittent,
Ephemeral)

Habitat: Riparian shading/canopy is
heavy in forested streams but may be
light along those draining desert,
grassland, and agricultural fields. Debris
dams common in forested headwater
streams. Substrate type will vary
depending upon geology and gradient.
Bed material of high gradient streams
will be dominated by cobble, boulder
and bedrock, whereas finer substrates
commonly dominate low gradient
channels. The length of habitat units
tend to be small relative to channel
width; therefore, the distances between
alternating units is short, particularly for
high-gradient (>20%) channels that have
step-pool formations. Headwater
channels also have high length:width
and width:depth ratios, such that a high
proportion of water flowing through
these streams is in direct contact with the
stream bed and banks.”

Typical biotic assemblages:

Algae: Primarily benthic diatoms; some
blue-green and green algae; mosses and
liverworts common.

Benthic macroinvertebrates: Shredders
and predators (forested), collectors,
scrapers, and predators (grassland and
desert), endemic species commonly
associated with spring-fed streams.

Fish: Few (e.g., Semotilus
atromaculatus, Salvelinus fontinalis) to
none.

Amphibians: Salamanders (e.g.,
Plethodontidae) and frogs (e.g.,
Ascaphus spp., Rana clamitans);
salamanders are frequently the top
stream predators.

All habitats are accessible
for sampling; however
modified methods may be
required for the shallow
and low-flow conditions.
Summer sampling may be
limited due to naturally
intermittent streams,
where channels may be
completely dry or surface
water is limited to isolated
pools.

& There is overlap between estimated ranges of drainage areas.
® This generalized description pertains to systems with relatively undisturbed riparian vegetation. Disturbed reaches
may have characteristics more typical of larger systems.
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TABLE 1-1. Continued.

Drainage
Bioassessment area (range, Strahler Functional features Narrative definition
protocol class km?)? order (Ecological) (Sampleability)
B. Wadeable <1-700 1%-3"  Habitat: Riparian shading/canopy cover  River reaches where
streams and or 4" may be heavy in forested streams. sampling of multiple
rivers Channel dominated by stable substrates.  habitats can be

C. Transitional 500 -1000  39-5"
streams and

rivers

Energy sources mainly from outside of
stream (allochthonous); thus coarse
particulate organic material (CPOM)
contributions are significant. For desert
streams, perennial water will persist in
most seasons, but the water may
disappear underground into the porous,
sandy stream bottom. Pools may persist.
The stream is open to direct sunlight.

Typical biotic assemblages:

Algae: Periphyton in desert streams:
filamentous green algae.

Benthic macroinvertebrates: Shredders/
collectors, in desert stream mainly fine
particulate organic material (FPOM) -
feeding gathering-collectors.

Fish: Surface and water column feeders,
generalized invertebrate feeders, and
benthic invertebrate feeders.

Habitat: Riparian shading significant in
forested streams, but openings in canopy
cover increasing. Channel dominated by
stable substrates with increasing
occurrence of unstable substrates.
Unique habitats exist that host fauna
from adjoining upstream and
downstream segments. Transition in
importance of energy sources from
CPOM to FPOM.

Typical biotic assemblages:
Algae: Periphyton.

Benthic macroinvertebrates: Collectors/
grazers.
Fish: Benthic invertebrate and

generalized invertebrate feeders
common.

accomplished using
simple wadeable
techniques.

Contains both wadeable
and non-wadeable
segments with a mosaic of
habitat types that shift in
quantity and quality in
response to prevailing
flow conditions.
Sampling often requires a
combination of methods
developed for wadeable
streams and large rivers.

® There is overlap between estimated ranges of drainage areas as well as among orders.
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TABLE 1-1. Continued.

Drainage

Bioassessment area (range, Strahler

Functional features

Narrative definition

protocol class km?)? order (Ecological) (Sampleability)

D. Non- 800 - 4"_ 8" Habitat: Importance of riparian shading  River reaches where boats
wadeable 40,000 is minimal, even in forested streams, and  are always necessary to
streams and stream surface area mostly unshaded. access sample points;
rivers Left and right banks increasingly occasionally necessary to

divergent in character but not
functionally independent. Influences on
stream reaches affect both banks but
maybe to differing degrees. Occurrence
of unstable substrates artificially high in
impounded reaches. Importance of
FPOM > CPOM. Most desert streams
are heavily diverted in lower reaches and
therefore may only have intermittent
flow and no non-wadeable reaches, or
are only non-wadeable during certain
times of the year.

Typical biotic assemblages:

Algae: Periphyton more prevalent in
free-flowing reaches. Increasing
importance of phytoplankton where
water retention time is sufficient for
development. Especially true
immediately upstream of dams and other
heavily impounded sections.
Macrophytes infrequent but increasing
in incidence.

Benthic macroinvertebrates: Collectors
with appearance of great river species,
more so with increasing impoundment
levels. Mussels infrequent to frequent.

Fish: Herbivore-detritivores increasingly
dominant. Occurrence of great river
species common in impounded reaches.

pull boats through shallow

areas.

& There is overlap between estimated ranges of drainage areas.
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TABLE 1-1. Continued.

Drainage

Bioassessment area (range, Strahler Functional features Narrative definition
protocol class km?)? order (Ecological) (Sampleability)
E. Greatrivers ~ >25,000 > g™ Habitat: Canopy opening extensive, River reaches where boats

even in forested streams, with stream
surface largely unshaded. Channel
dominated by unstable substrates. Left
and right banks often independently
affected by physical, hydrologic, and
stressor conditions as a result of laminar
flow along banks. A single habitat type

may prevail for kilometers along a bank.

Reaches frequently defined by large
dams, which can limit the habitat
heterogeneity and biotic diversity of a
reach, especially true upstream of dams.
System largely defined by FPOM.
Allochthonous inputs of organic matter
from upstream and lateral inputs are
significant. Only autochthonous
production is by phytoplankton.

Typical biotic assemblages:

Algae: Phytoplankton. Water retention
time sufficient for assemblages to
establish. Main channel unsuitable for
macrophytes or periphyton due to
turbidity, swiftness of current, and
scarcity of stable substrates.
Macrophytes potentially abundant
particularly on river margins and in
backwaters.

Benthic macroinvertebrates: Dominated
by collectors. Mussels potentially
locally abundant but not ubiquitous.

Fish: Regular occurrence of great river
species. Planktivores, herbivore-
detritivores common.

are always necessary to
access sample points.
Habitat types are
frequently large and thus
may require the
development of habitat-
specific expectations for
biotic assemblages.
Consequently, complete
assessment may require
sampling and assessment
of different habitats.

® There is overlap between estimated ranges of drainage areas.

Among the protocols discussed in this document, several were reviewed in detail before, during,
and after the LR-BP research, and thus contributed directly to the development of the LR-BP
(i.e., Ohio Environmental Protection Agency [Ohio EPA], US Geological Survey-National Water
Quality Assessment [USGS-NAWQA] and the USEPA-Environmental Monitoring and
Assessment Program [USEPA-EMAP]). Other programs and protocols discussed represent
current research USEPA is conducting (i.e., USEPA-EMAP-Great Rivers Ecosystems [GRE]),
and programs USEPA is currently collaborating with (Ohio River Valley Water Sanitation

Commission [ORSANCO]).
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The LR-BP represents an integrated approach to sampling in that the protocols for algae, benthic
macroinvertebrates, and fish can be applied using the same sampling design. They are designed
for rivers and, depending on the scale and scope of programmatic data needs, can be used for
regional and site-specific studies. Also, while the protocols are not intended for application to
great rivers (Table 1-1), adjustment of one or more components of the protocols will make them
better suited for those kinds of systems. The LR-BP for physical habitat is not presented herein
because refinements to the protocol are being field tested.

Much like the USEPA-EMAP and USGS-NAWQA protocols, the LR-BP for algae, benthic
macroinvertebrates, and physical habitat are transect-based. This design has many desirable
features for field studies; and as long as the first point is selected at random, remaining points
based on that point can be considered random as well (Cochran 1977). The simplicity of this
type of design makes it easy to execute without mistakes and results in significant time saving in
the field. It also results in the drawn sample being spread more evenly over the population
(Cochran 1977, Manly 2001). A common concern expressed about the transect approach to
sampling is that the most productive habitat of a study reach may fall between transects and thus
go unsampled. This will occur, but sampling what is perceived to be the most productive habitat
is equivalent to selectively visiting the nicest house in a neighborhood and using it as a measure
of the mean living conditions in that community. Another concern expressed is that at some
sites, a standardized protocol may sample greater distances than required to achieve the data
quality requirements (e.g., % of total species) set by the study. This is in all probability true, but
if a standardized protocol is to be applied at all sites, it must adequately sample all, or a
predetermined percentage, of the sites.

The combination of field-based comparative studies and collaborative field tests involving State
agency biologists, Tribal members, and academic researchers was critical in ensuring the
resulting protocols were consistent with the criteria established for the products. Findings from
these studies, justification for follow-up research, and the performance of developed methods are
discussed in this document where applicable.
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Chapter 2.0 Elements of Biomonitoring

2.1 Bioassessment Elements

This chapter...

« reviews critical elements of a large river Biological monitoring and assessment consists of
bioassessment program — split into evaluating sites using specified biological indicators,
g?esr:r?:ﬁt?etmds’ and interpretation then repeating that evaluation consistently over time.

« introduces the major assessment In designing and implementing a large river

elements: habitat, chemistry, and biology biological moni_toring program the goal is to develop
a program that is Comprehenswe, accurate, cost-

effective and meets stated objectives. Without clear
strategies for data use, even good assessment techniques can be inefficient and unproductive.
Similarly, making program decisions and setting objectives without understanding the quality of
the underlying data is problematic. While bioassessment programs exist in all 50 States and
several Tribes (USEPA 2002), the rigor and quality of these programs, and how they are used
varies (Carter and Resh 2001, USEPA 2002). To facilitate a consistent understanding of the
components that make a successful program, USEPA is developing a list of critical elements for
successful bioassessment programs (Barbour and Yoder 2004). This chapter builds off that list
and discusses those critical elements that must be applied to a successful large river assessment
program.

The Methods and Data Comparability Board (MDCB) of the National Water Quality Monitoring
Council (NWQMC) recommends that agencies ask basic why-who-where-when-what-how
questions (Figure 2-1) when designing an effective program. Developing and documenting the
basic bioassessment elements are critical for establishing and maintaining a high-quality, flexible
program. This process also identifies the program constraints critical for understanding the
limitations of data interpretation and management actions.

The design elements important for assessment can be broken into a few components that define a
flexible and productive program: design, methods, and interpretation (Table 2-1). These
elements are as important for large rivers as they are for any ecosystem assessment program.

2.1.1 Design Elements

Study design is the foundation of any monitoring program. Design elements include study
design objectives, temporal and spatial coverage, classification, reference conditions, and criteria
(Table 2-1). Design questions may be driven by regulatory requirements, program goals, and
research questions. In any case, it is strongly recommended that analytical or statistical
specialists cooperate with field crews and program managers during this phase. Too often,
assessment programs are created without a clear sense of how the data are going to be used, only
to find out that the design chosen was inappropriate to provide the answers or data quality
needed to meet assessment program objectives. However, it is also possible to create data
quality objectives (DQOs) that are unattainable or technically too difficult to implement.
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- L How
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¢ - data verification
: - appropriate analyses
m FIGURE 2-1. Data elements for biological assessment programs (modified from NWQMC
m 2006).
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Although flexibility should always be incorporated, a good design will include documentation
and presentation of programmatic limitations, as well as quantification of the level of uncertainty
associated with any conclusion. Clearly defined questions are the first component of a good
design.

TABLE 2-1. Important elements for a large river biological assessment program.

Design

e design objectives
temporal coverage
spatial coverage
classification
reference conditions

e reference criteria
Methods

e indicators

e sample collection

e sample processing

e (data entry and storage

e QA/QC
Interpretation

e ecological attributes

e Diological indices

e diagnostic capability

e performance evaluation

Design questions are usually derived from programmatic needs. Biological assessment data are
used in a variety of programs (e.g., 305[b] and 303[d] reporting, source water assessments,
NPDES permitting). Developing a monitoring program that meets multiple needs requires an
understanding of the information required by each program, and thus, cooperation among
program personnel. Although this involves effort, cooperation at this point can help avoid the
inefficiency of having 2 or 3 sampling crews collecting the same or similar data on the same
river for multiple programs. Including program requirements in question development is,
therefore, also essential for a good design.

While developing the design questions it is also critical to develop DQOs to determine the
quantity and quality of data needed (USEPA 2000b). DQOs are quantitative and qualitative
statements that clarify objectives, define appropriate data, and specify tolerable levels of decision
error. Each program will likely be able to define how the data will be used to answer their
questions or meet their needs. Often, program requirements can be described in data quality
terms (e.g., determine with 90% confidence whether a site is impaired, whether there is more
than a 20% change in condition over time for a 2" determination with 90% confidence, whether
an outfall causes a decrease in biological condition). Each DQO has to be described to define the
design elements needed to meet the assessment precision and accuracy required by the program.
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For example, programs needing only to separate extremely disturbed from minimally disturbed
sites will require less precision than programs designed to detect small departures in ecosystem
condition (Figure 2-2). Greater precision may be required in large river work since the condition
gradient, in many cases, is already restricted.
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Level of stress on ecosystem

FIGURE 2-2. Conceptual illustration of confidence in detecting different level of stress on an
ecosystem as a function of assessment precision (with 4 being most precise) (modified from Barbour
and Yoder 2004). Intermediate levels of disturbance (stress) are typically more difficult to evaluate
than are the high and low extremes.

Describing the quality of data necessary to meet project DQOs for the different assessment
methods is critical (see Chapter 3). While this may seem more like a methodological element of
assessment, it is important to include performance evaluation as a part of programs from the
beginning. This includes being able to document and report the quality of each step, from data
collection to site assessment. Performance elements (precision, accuracy/bias,
representativeness, completeness, and sensitivity) must be included in the study design and
incorporated into assessment program costs. Measurement quality objectives (MQOs) document
method performance, as well as program technical staff, and are measurement goals needed to
meet the programmatic DQOs. In general, MQOs do not specify the methods, but provide
criteria for evaluating acceptability of data produced by a protocol or a program.
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Precision, calculated on final assessments, can be used to identify errors and to determine the
repeatability of site assessments. For example, assessment precision is generally evaluated using
repeat sampling for some sites by the same team (to evaluate intra-team precision) or by different
crews (to evaluate inter-team precision) (Barbour et al. 2006 [in press]). Precision also affects
the ability of a method to detect an effect.

A biological assessment protocol is a series of methods, each of which produces information
contributing to final site assessment and evaluation (Diamond et al. 1996, Barbour et al. 1999,
Stribling et al. 2003). As such, each method has the potential of introducing error into final
assessments (Figure 2-3). The relative importance and acceptability of different error sources
and magnitudes are defined through use of data quality and measurement quality objectives
(Taylor 1988, USEPA 2000b, Stribling et al. 2003). Through the use of MQOs, noise in a
dataset can usually be distinguished from signal. MQOs can also help directly identify which
specific components of the protocol are contributing to noise.

To ensure that DQOs and MQOs are met, it is necessary to develop a quality assurance project
plan (QAPP) detailing the quality assurance and quality control (QA/QC) steps. Elements of
QA/QC and suggestions for maintaining MQOs are described in Chapter 3 as well, but should
include procedures for documenting the error associated with each components of the assessment
process (Figure 2-3).

Sztotal — 52 -+ 52 -+ 52 -+ 52 -+ 52_|_ SZ_|_ 52
Field Sampling Taxonomy Data Entry Site Assessment and

Interpretation
Sorting/Subsampling Enumeration  Metric Calculation

FIGURE 2-3. Total error or variability (S?) associated with a biological assessment is a
combined result of each component of the process (Barbour and Yoder 2004, modified from
Taylor 1988). Example shown is from a benthic macroinvertebrate protocol.

Once design questions, DQOs, and MQOs, are defined, the remaining design elements (temporal
and spatial coverage, classification, reference conditions, and reference criteria) can be
addressed. Because taxa differ in the timing of their life cycles, the biological communities
integrate environmental effects over time to varying degrees depending on specific
environmental requirements or the natural history of the assemblage. A season-specific index
period is used as a cost-effective way to decrease the natural variability in data on biological
assemblages associated with seasonality by decreasing between-year variability and increasing
sampling crew efficiency. Selection of an optimal sampling index period should take into
consideration recruitment cycles (e.g., reproduction, emergence, growth, and migration for
macroinvertebrates and fish or growing season for periphyton). Index periods ought to consider
not only a particular season, but for some taxa also the time of day. If event-based sampling
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outside the index period is an important design objective, then multiple index periods or
temporally inclusive indices can be used (e.g., predictive models using Julian sampling day as a
predictor).

River systems also vary spatially and reducing this variability through some kind of stratified
sampling approach will improve the assessment precision. Biological assemblages vary with
watershed size, so biological samples for any site can only be used to represent an area of similar
physical dimensions and flow. Within rivers there is a great variety in size. Similarly, rivers will
change if land-use alters its course. If specific land-use impacts are of design concern, then
additional sites may be required to characterize this effect.

Of critical importance is determining what a representative and appropriate large river sampling
site is. River systems are hierarchically arranged (Figure 2-4), with the reach often being the
common sampling scale for biomonitoring programs (Frissell et al. 1986). Further discussion on
sampling reach length is provided in Chapter 3.

The spatial density and placement of sites are also important for characterizing large rivers. One
site at the bottom of a watershed provides limited information about average condition of the
whole river system, although it is a reflection of the impact of that watershed on the receiving
body of water. Unbiased estimates of the status and trends in watershed condition are most
efficiently achieved using probability-based sampling designs, where the number of sites
increases the confidence in the estimate of average condition. Rotating basin designs that cover
an entire region over a set period of time (usually years) are an efficient way to apportion effort
and reduce costs within a probabilistic design. However, many programs also require specific
targeted sampling for particular program needs (e.g., NPDES permit compliance or specific
stressor studies). Thus, multiple-objective programs will likely use a mixture of probabilistic
and targeted sampling.

Classification of rivers within a large region may stratify coldwater vs warmwater rivers or
blackwater vs clearwater rivers. Basins may be a basis for classifying rivers for fish sampling.
Ecoregions are also a commonly used classification structure. Any natural biogeographic factor
constraining the ecological community is worth exploring as a possible dimension for
classification, but is retained in classification only if its use reduces (i.e., partitions) natural
variability.

Reference condition approaches have traditionally been used to evaluate the biological condition
of streams and rivers. The term “reference” is used in a variety of contexts. In this document,
“reference” is used in its general context, to signify the benchmark against which biological
condition is being assessed for any given sample. There are 4
types of reference condition (Stoddard et al., 2006). Historic Four Types of Reference
conditions represent the biological condition that existed prior to Cond't'onsz(osgg)ddard etal.
human disturbance or the Reference Condition for Biological

Integrity (RCBI); minimally disturbed condition is that found in
large rivers minimally impaired or unimpacted by human
disturbance; best attainable conditions represent that theoretical
condition attainable under the application of all available best

Historic conditions

Minimally disturbed conditions
Best attainable conditions
Least disturbed conditions
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management strategies; and least disturbed refers to the best available current conditions.
Because large rivers integrate impacts from large areas and have many historical as well as
present impacts, there are likely few segments of large rivers in the USA that are in historic or
minimally disturbed conditions and most are substantially altered. Describing a reference
condition for these systems is a challenge. In most programs, data for sites in least disturbed
condition will have to be used as the benchmark condition for building assessment tools and the
least disturbed condition is what will be used for “reference” in this discussion. Two common
approaches for assessing biological condition are the site-specific or regional based reference
condition approaches.

MNational Watershed Sagment
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FIGURE 2-4. Environmental features sampled are nested in a spatial hierarchy.

In the case of the site-specific reference approach, the reference site is typically an upstream
reach of comparable physical setting to the downstream site (e.g., below some impact) or a
paired reach of similar physical setting to the one being assessed. The average biological
condition of the downstream test reach is then compared to the site-specific reference. The
advantages of upstream reference sites, if carefully selected, are that they are often of similar
habitat condition, reducing the variability associated with habitat differences and they have a
similar upstream water quality context to the downstream site (i.e., they experience the same set
of upstream point and non-point sources). Disadvantages of the approach, however, include a
limited capacity for extrapolation, logistical issues with mobile taxa, limited statistical power,
pseudoreplication issues, and the comparatively high level of effort needed for assessing a state-
wide set of test sites (Hughes et al. 1986, Barbour et al. 1995, Bailey et al. 1998, Reynoldson and
Wright 2000).

The regional reference site approach defines a population of least impaired sites within a
resource class. Both of the common biological indices, the multimetric index and the river
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invertebrate prediction and classification system score (RIVPACS-type) (Wright et al. 2000), are
developed using a population of least-impaired sites. The multimetric approach selects metrics
that best discriminate between reference and study sites for a specific region. The RIVPACS-
type approach derives a list of expected taxa for each test site based on their physical similarity
to reference sites and the taxonomic composition of those reference sites. The list of expected
taxa is, in essence, the average taxonomic composition of reference sites weighted toward those
most physically similar to the test site.

Reference sites are usually defined using a set of reference criteria typically derived from data
other than those indicators being calibrated. This allows avoidance of explicit circularity in the
development of biological indicators. Criteria often include land cover, water chemistry, and
habitat characteristics; and a site must meet all the criteria to be considered an appropriate
reference site. As stated above, given the history of large rivers and their landscape position,
historic and minimally impaired reference sites are no longer available for the majority of
continental large rivers; and least disturbed conditions offer the most likely option for reference
based approaches.

Reference criteria, well developed and documented, are used to evaluate the degree of human
impact and to eliminate sites that have undergone excessive disturbance. Abiotic parameters are
recommended as the principal criteria in defining the characteristics that become the basis for
biological reference. If the same reference sites will be used to develop specific chemical water
quality criteria (e.g., nutrient criteria), then these specific parameters should also be avoided as
criteria. Factors reflecting anthropogenic stress (e.g., human population density, road density,
land use/land cover, permitted outfalls, channelization, riparian condition, dams, etc.) should be
used. Candidate reference sites can be identified within a randomly-drawn sample or selected
from the entire population based on synoptic studies or prior knowledge. Remotely sensed data
are best used as a first screening tool, followed by site reconnaissance and sampling, if needed.
Field crews should also verify the suitability of a site as reference from the site visit, and a site
should be eliminated if circumstances indicate a non-reference condition. The reference site
selection process, including the criteria used, should be carefully documented. It is also
important to recognize that some stressors may not be identifiable.

In the case of wadeable streams, it is often possible to identify entire watersheds of minimally
disturbed or least disturbed conditions. Again, this is not possible with large rivers, since large
portions of almost every large river catchment are disturbed to some extent. Reach-based spatial
organization likely offers the best approach for defining reference conditions. In this approach,
large rivers are split into segments or reaches using traditional geomorphic characteristics (such
as those described by Frissell et al. 1986) or simple systematic criteria (e.g., 500-m reaches) and
proximate stressors and land cover characterized for each reach or segment. The definition of
proximate can be defined as simple linear distance (e.g., 40 km) or flow based distances (e.g., 0.5
or 1 day residence times above the segment), and reference criteria evaluated within that
distance. The EMAP Great Rivers Ecosystems Research Program is using a reach based
approach for defining reference sites (T. Angradi, personal communication). In this approach,
Great Rivers were split into 500-m reaches. The proximate upstream (variable distances above
the site depending on physical parameter considered) physical and chemical conditions were

2-8 Concepts and Approaches for the Bioassessment of Non-wadeable Streams and Rivers
Chapter 2.0



-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

evaluated and scored. Sites with the least impaired scores were used as candidate reference sites.
In this approach, upstream tributary effects are scored based on their catchment characteristics.

Another potential approach is to create theoretical reference conditions. In this approach,
expected conditions for assemblages are modeled. Historical data or data associated with least
disturbed adjacent wadeable/non-wadeable systems are merged to define reach-specific
expectations. These expectations for an invertebrate assemblage are based on the habitat
characteristics for a site. These habitat characteristics can be existing or modeled, based on
historical geomorphology, for example. Once an expected condition is defined, the existing
condition can be compared with what is expected. The assessment is based on the difference.
This approach has been used experimentally on the Missouri River (B. Poulton, personal
communication). Expected macroinvertebrate richness and relative abundances were calculated
for Missouri River reaches based on the richness and relative abundance of taxa from least
disturbed regional water bodies with habitat types similar to those modeled for the Missouri.
Where possible, functional equivalent taxa replacements were used. By combining these
approaches, biologists were able to calculate metric values for a site and compare it to the
theoretical reference.

Regardless of the approach, once the reference site population is established it is often used as
the basis for listing criteria under the 303(d) requirements of the CWA. Commonly, a percentile
of the reference population is used. Any non-zero percentile will, by definition, list a certain
percent of reference sites as impaired. The percentile selected is often chosen to balance the
error associated with calling a truly unimpaired site impaired with that of calling a truly impaired
site unimpaired. Therefore, selecting the appropriate percentile depends on the condition of the
population of reference sites. If very relaxed criteria were used, then a higher percentile would
likely be more protective. If more stringent criteria were used, then lower percentiles would be
sufficient.

2.1.2 Method Elements

Programmatic methods include indicator selection, sample collection and processing, data entry
and storage, and QA/QC (Table 2-1). Indicators are comprised of physical and chemical habitat
attributes and the biological assemblages selected for sampling. There are a variety of chemical
parameters that can be measured in situ (e.g., using multiprobes or handheld single parameter
meters) or in the laboratory on water samples collected in the field (APHA 1998). Similarly,
methods exist for assessing physical habitat (see Chapter 4). Principal biological indicators
include macroinvertebrates, fish, and periphytic algae; although some larger river programs have
included vascular plants (Yin et al. 2000) and some use phytoplankton (Moulton et al. 2002).
Zooplankton also has potential in large river programs, depending on water residence times.

Biological indicators provide a measure of biological condition, thereby addressing regulatory
needs within the CWA related to the “...biological integrity...” of the nation’s waters. They also
integrate chemical and physical stressors over much larger spatial and temporal scales than can
be assessed through direct measurement. Assemblages differ in how well they integrate stressors
over these scales as a result of differences in their life history characteristics. For example, fish
are longer-lived than algae, but are much more mobile. So algae may better integrate stressors in
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one point in space over shorter time periods, whereas fish may integrate stressors over larger
spatial scales. Sampling multiple assemblages provides a more comprehensive assessment and is
generally preferable to single assemblage approaches (ITFM 1995).

Standardized sample collection and processing methods are necessary to establish the validity
and reliability of biological data (Barbour et al. 1999). Evaluating the appropriate methods for a
program includes consideration of target assemblages, river type, number of samples, reach
length, and field methods. This document reviews a number of sampling approaches and makes
recommendations for habitat, algae, macroinvertebrates, and fish methods. Processing
considerations include proper preservation, labeling, transport, sorting, subsampling and
taxonomic identification and are discussed in each methods chapter.

Individual species vary in their stressor tolerance and habitat preference, so taxonomic resolution
is an important issue. Individual species can be thought of as individual units of information,
like pixels in a digital photograph. The more pixels, the better a picture’s resolution. But there
is a trade-off in cost because species-level identification can take more time for certain taxa, and
can also have much greater associated uncertainity. Lower resolution taxonomy (e.g., family
level) provides less information, but may be sufficient depending on the question. For some
questions, abundance, age-structure, or biomass information are also informative and may
strengthen an assessment. Whatever indicators are chosen, whatever resolution selected, and
whatever population level data are desired, documenting the selection rationale is necessary.
Chapters 5 through 7 describe specific assemblages and assessment methods.

Data entry and storage are those methods or software programs used to enter and catalogue
information. A variety of platforms exist for data management and storage, both of which are
important to ensure long-term integrity of the data. This process must also consider how data
will be extracted and manipulated. Given the potential benefits of web-based information
transfer, data management planning should include dissemination of program information in web
platforms as well as data entry storage and access. Broadly available, spatially integrated data
(e.g., in a GIS) can improve stakeholder access and program visibility. This process should be
carefully thought out and well-documented.

Essential components of a strong and defensible assessment program are documented standard
operating procedures (SOP) for the collection and processing of all samples along with a detailed
QAPP. Programs that lack these documented procedures yield data that are open to question. A
number of critical issues need to be considered in collecting any sample and the SOP provides
the detail and rationale of each (e.g., considerations for field sampling including habitat type to
sample, gear type to use, number of samples to take, reach length to sample and field methods to
use). The same is true for sample processing where considerations include proper preservation,
labeling, transport and transfer, subsampling, and taxonomy. Developing an effective QAPP that
addresses these elements is critical for assuring reliable data that meets the MQOs.

Quality assurance and control provisions are important for tracking and minimizing sources of
error in monitoring programs. QA/QC procedures establish routines and documentation to
ensure proper sampling, processing, data entry and data analysis methods are followed and that
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systematic error is documented. Each of the assemblage chapters covers important QC
procedures appropriate for each method and analysis step.

2.1.3 Interpretation Elements

Interpretation elements are the analytical methods used to analyze data and to assess both river
condition and assessment program quality. These elements include determining and developing
ecological metrics, biological indices (e.g., multimetric indices or RIVPACS-type scores) and
thresholds, diagnostic capabilities, and performance evaluations.

Once assessment information has been evaluated, it is applied in some program context such as
determining trends, preparing monitoring reports (e.g., 305[b]), or evaluating the impacts of
certain discharges or catastrophic events on a water resource. In any context, a critical element
of the assessment process is the ability to define biological condition adequately enough to detect
when changes have occurred. This includes being able to define biological endpoints and
thresholds of change. Thresholds will depend, in part, on the precision of the data; therefore,
more precise methods will lead to more sensitive response variables. But these attributes will be
dictated in large part by the DQOs outlined in the design.

Metrics are particular aspects of the structure and function of the biological assemblage that are
of interest because they are judged to be ecologically-significant and respond to disturbance.
Metrics include aspects of taxonomic composition, abundance, stressor tolerance, organism
condition, and feeding type. These metrics are most often synthesized into biological indices
that represent biological condition relative to reference condition. A common interpretation
approach in the US is the multimetric index (such as the Index of Biological Integrity [IBI])
(Karr et al. 1986, Barbour et al. 1999) that combines several assemblage attributes into one,
dimensionless index. Individual metrics are selected to reflect a variety of biological
characteristics that respond to human influence in predictable and consistent ways. As such, they
reflect a wide range of information regarding the structure and function of the assemblage.
Useful metrics are ecologically-relevant and sensitive to stress. RIVPACS-type empirical
models, more widely used in Europe, predict the assemblage of organisms expected for a site in
the absence of stress, and are derived from reference sites. The ratio of observed (O) taxa at a
site to those expected (E) gives the O/E ratio, the proportion of expected taxa actually observed,
a straightforward measure of impairment. Methods for developing multimetric or RIVPACS-
type models are available from a variety of sources (Hughes et al. 1998, Barbour et al. 1999,
Karr and Chu 1999, Hawkins et al. 2000, Wright et al. 2000, Klemm et al. 2003 and see Chapter
8).

Thresholds are a measured level of biological condition above which the support of a designated
use is indicated. Use attainment thresholds are often derived from the distribution of index
scores in the population of sampled reference sites (e.g., the 25™ percentile of reference).
Differences exist in the percentiles chosen and the distributions used (reference vs entire), but
these thresholds determine which sites do not attain a designated use. Therefore, for
defensibility, it is critical to carefully document threshold development and selection. Beyond
attainment thresholds, other thresholds can be set to clearly distinguish higher or lower
assessment categories. These thresholds are often useful for identifying sites of concern or
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prioritizing conservation efforts. Multiple thresholds are also the basis for the tiered aquatic life
use approach (Davies and Jackson 2006).

Another common application of assessment data is diagnosis. It is often not enough just to know
that some change in biological condition has occurred. Frequently, knowledge about the likely
source of that change is desired to stop or reverse the impact. Diagnosing causes of change
requires integrating biological data with the physical and chemical data collected. It depends
upon developing patterns and response signatures from a database that includes a range of
stressors and biological responses. This capability is restricted to programs that have targeted
their designs to incorporate these ranges of disturbance and response. In addition, a stressor
identification protocol has been described in detail (USEPA 2000a, Suter et al. 2002, Cormier et
al. 2002) and is discussed in the data analysis section of this document (Chapter 8).

A critical component of an assessment program structure is performance evaluation which
provides information critical for gauging how well data collection meets programmatic needs.
Performance evaluation includes everything from field collection audits and taxonomic checks to
data entry verification and index calibration. It also should include regular training and external
program review. If done correctly, a performance-based methods approach should provide a
documented record of methodological quality and program performance. This topic is dealt with
in detail in Chapter 3, and with each of the assemblage chapters (Chapters 5, 6, and 7).

In the following sections, some of the specific assessment elements are introduced, namely the
biological, chemical and physical habitat elements, as well as reference conditions and data
management.

2.2 Physical Habitat Quality

Physical habitat consists of the structural features of the riverine environment that influence the
life history of the biota. Habitat and biological diversity are closely linked (Raven et al. 1998)
and the loss or damage of habitat is one of the principal stressors to biota (Karr and Dudley 1981,
Karr et al. 1986). There are a variety of habitat assessment approaches from highly quantitative
methods designed to describe the geomorphic condition of streams and riparian zones as well as
the biotic habitat condition (e.g., Kauffman and Robison 1997), to more qualitative methods
using visually scored elements, principally designed to grade the biotic and adjacent riparian
habitat alone (Barbour et al. 1999). When combined with land use/land cover data for adjacent
and catchment areas, it is possible to draw an accurate picture of physical factors acting on a
reach which helps with the initial stressor identification for impaired river sites. Documentation
and assessment of large river physical habitat is covered in Chapter 4.

2.3  Chemistry

Biological data are not usually collected alone, and are often accompanied by a variety of
physical and chemical measures. These data are key assessment elements, providing direct
measures of water quality, many of which have associated standards. These data can be critical
for helping characterize stressors and for interpreting biological assessment results.
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A variety of chemical measures generally accompany biological sampling, and are used to
characterize the chemistry of the water upon which the biota depend. They can be split into two
general categories, field measures and laboratory measures.

Field measures are collected with hand-held instruments and, in general, include dissolved
oxygen, conductivity, turbidity, and pH. Temperature, while not a chemical measure, is also
often collected with these instruments. Some hand-held instruments have probes for measuring
other constituents (e.g., chlorophyll, nitrate, etc.), but many are still under refinement.

Laboratory measures are analyzed from water samples collected in the field and transported to
the laboratory. They can include common measures such as nutrients (e.g., total phosphorus and
nitrogen) and simple cations and anions (e.g., sulfate and chloride). These analytes have
established impacts and links to stressors, and their low analytical costs should permit their
analysis as part of routine monitoring. Less common laboratory measures include heavy metals,
pesticides, aromatic and aliphatic hydrocarbons and emerging contaminants such as
pharmaceuticals and personal care products. The costs of these less common measures are often
much higher. Although technological improvements will likely reduce these costs, the costs for
their analysis in routine biomonitoring without a clear objective for their use, makes them a
lower priority.

2.4  Biology

Biological assemblages are the central focus of biomonitoring programs, as they provide a direct
measure of biological condition relative to biological integrity, a stated goal of the CWA. But
the biota also integrate the effects of multiple stressors in space and time. These environmental
sentinels provide a way of detecting stressors that may be so variable in time (e.g., pulses of
metal effluent associated with storms) or space (e.g., bank erosion) that it is neither logistically
nor economically feasible to monitor them directly. For example, episodic pollutants cause
mortality that is reflected in changes in community structure long after the event. Similarly,
sediment inputs associated with spatially variable erosion will have impacts far from the source,
helping to integrate this variability into a distinct biological response.

A variety of taxonomic assemblages, have been used for biological monitoring. The three
primary assemblages are algae, macroinvertebrates, and fish. Use of aquatic macrophytes for
biological monitoring has shown some promise, and if the reader is interested, literature is
available (Rogers and Owens 1995, Angradi 2006). In subsequent chapters we present specific
advantages and disadvantages for algae, benthic macroinvertebrates, and fish. In this chapter,
we simply introduce these three groups and the different ways in which they can be used.

Algae are primary producers with rapid reproductive rates and short life spans, which means they
are indicators of short-term impact (Stevenson and Smol 2003). They are fairly sensitive to a
variety of physical and chemical factors. As primary producers, many taxa are especially
sensitive to nutrient pollution and will respond directly (Stevenson and Smol 2003). This has led
to their use in the development of nutrient criteria. Similarly, these organisms will likely
respond more directly than other organisms to certain contaminants (e.g., herbicides). Sampling
is relatively easy for many of the common algal taxa. In wadeable streams, this has primarily
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focused on periphyton or attached algae, especially diatoms (Stevenson and Smol 2003). In non-
wadeable systems, the phytoplankton, or unattached free-floating taxa may also provide an
appropriate algal assemblage for use in assessment. Algae can be characterized in terms of both
individual taxonomic change or in terms of whole assemblage biomass (or chlorophyll) response
(Stevenson and Smol 2003).

Benthic macroinvertebrates are invertebrates visible to the naked eye that live attached to
substrates in very high abundances in most streams and rivers. They are the primary consumers
in most systems and are an important link between primary resources and higher trophic levels,
including many important recreational and commercial fish. Most macroinvertebrates are
relatively sessile, which means they are excellent for use in evaluating site-specific impacts.
They have a variety of life cycles, with short-lived and long-lived taxa, and thus provide a way
of integrating impacts over a variety of time scales. These organisms are relatively easy to
identify to the family level and many are easy to identify to genus. In addition, they are highly
variable in terms of their tolerance to different stressors, providing important information for
interpreting cumulative stressor impacts. Collection methods are relatively easy, straight-
forward, and inexpensive. Wadeable stream methods have focused primarily on these benthic
groups. However, large rivers may develop a substantial zooplankton assemblage which, though
too small to be called macroinvertebrates, are also relatively easy to enumerate and may be
useful indicators of water quality and physical stressors.

Fish are a diverse group of organisms that represent a variety of habitat uses. They are relatively
longer lived organisms and include many mobile species, so they can potentially integrate effects
over longer spatial and temporal scales. The environmental requirements and life histories of
many fish species are well understood, meaning that the presence or absence of taxa can often be
easily interpreted. Many fish species are consumed by humans and, therefore, they provide an
assessment metric that is directly related to human health. In addition, many aquatic life uses are
linked to fisheries, providing a direct measure of those uses. Fish are generally easy to collect
and to identify to species. Most can be identified in the field and released, unharmed.

For all three assemblages, the goal of method selection should be to provide an approach that is
as precise and responsive as necessary, given the constraints of time and effort. A method need
not represent the entire assemblage of organisms, unless that is an explicit goal of the
assessment. Rather, the focus should be on sampling those elements of the assemblage that give
the most consistent and precise responses in meeting the program objectives.

2.5 Data Management

For any environmental data to be useful, they must be organized, accessible and secure. The
flow of all types of data needs to be specified, beginning with pre-sampling logistical
information and ending with fully QC’d pieces of data entered into a database. Thus, prior to
implementation of monitoring programs, several administrative decisions should be made:

e Which person or agency will be responsible for data management and security?
e Will the database be made available on the internet?
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e Will all data be housed at a single location on a single server? (that is, will there be a
central repository for all data?)

e Who will ensure that sponsors and stakeholders have access to the database?

e Will all data be uploaded to USEPA’s STORET?

Without addressing these and other questions and developing a data management system prior to
beginning fieldwork, ultimate uses of the data in analyses can be chaotic and time-consuming.
An efficient data management system will capture not only primary data, such as direct field
observations and results of laboratory analyses, but also data such as location (place names and
latitude-longitude), date and time; and ancillary such as (for biology) functional feeding groups,
behavioral habit and stressor tolerance values. It is also important that data be easily accessed
and exported to basic spreadsheet, statistical analysis or mapping software for analysis and
interpretation.

USEPA is developing a biological data management system linked to STORET, which provides
a centralized system for storage of biological data and associated analytical tools for data
analysis. The field survey file component of STORET provides a means of storing, retrieving,
and analyzing biosurvey data, and will process data on the distribution, abundance, and physical
condition of aquatic organisms, as well as descriptions of their habitats. Data stored in STORET
become part of a comprehensive database that can be used as a reference, to refine analysis
techniques or to define ecological requirements for aquatic populations. Data collected using the
RBPs (Barbour et al. 1999) can be readily managed with STORET field survey file using header
information presented on the field data forms (http://www.epa.gov/owow/monitoring/rbp/) to
identify sampling stations.

Habitat and physical characterization information may also be stored in the field survey file with
organism abundance data. Parameters available in the field survey file can be used to store some
of the environmental characteristics associated with the sample, including physical
characteristics, water quality, and habitat assessment. Physical parameters include stream depth,
velocity and substrate characteristics, as well as many others. STORET also allows storage of
other pertinent station or sample information in the comments section.

Entering data into a computer system can provide substantial time savings. An additional
advantage to computerization is analysis documentation, which is an important component for a
QA/QC plan. An agency conducting rapid bioassessment programs can choose an existing
system within their agency and/or use the STORET system developed as a national database
system.

Data collected as part of state bioassessment programs are usually entered, stored, and analyzed
in easily obtainable spreadsheet programs. This method of data management becomes
cumbersome as the database grows in volume. An alternative to spreadsheet programs is a
multiuser relational database management system (RDMS). Most relational database software is
designed for the Windows operating system and offers menu driven interfaces and ranges of
toolbars that provide quick access to many routine database tasks. Automated tools help users
quickly create forms for data input and lookup, tables, reports and complex queries about the
data. The USEPA is developing a multiuser RDMS that can transfer sampling data to STORET.
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This relational database management system is called Ecological Data Application System
(EDAS), and allows the user to input, compile and analyze complex ecological data to make
assessments of ecosystem condition. EDAS includes tools to format sampling data so it may be
loaded into STORET as a batch file. These batch files are formatted as flat ASCII text and can
be loaded (transferred) electronically to STORET. This will eliminate the need to key sample
data into STORET.

By using tables and queries as established in EDAS, a user can enter, manipulate and print data.
The metrics used in most bioassessments can be calculated with simple queries that have already
been created for the user. New queries may be created so additional metrics can be calculated at
the click of the mouse each time data are updated or changed. If an operation on the data is too
complex for one of the many default functions, then the function can be written in code (e.g.,
visual basic access) and stored in a module for use in any query. Repetitive steps can be handled
with macros. As the user develops the database, other database elements such as forms and
reports can be added.

Table design is the foundation of a relational database, such as EDAS (Figure 2-5), because they
function as data containers. Tables are related through the use of a unique identifier or index. In
the example database “Stationld” links the tables “ChemSamps”, “HabSamps” and “BenSamps”
to the “Stations” table. The chemical parameters and habitat parameters table act as reference
tables and contain descriptive data (e.g., measurement units and detection limits). This method
of storing data is more efficient than spreadsheets, because it eliminates a lot of redundant data.
Master taxa tables are created for the biological data to contain all relevant information about
each taxon. This information does not have to be repeated each time a taxon is entered into the
database.

Input or lookup forms (Figure 2-6) are screens that are designed to aid in entering or retrieving
data. Forms are linked to tables so data go to the right cell in the right table. Because of the
relationships among the tables, data can be updated across all the tables that are linked to the
form. Reports can be generated in a variety of styles, and data can be exported to other databases
or spreadsheet programs.
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Chapter 3.0 Study Design, Data Quality, and
the Performance-Based Methods System

This chapter... 3.1  Types of Study Designs
* reviews regional, site-specific, and gradient
study designs _ A variety of monitoring designs exist for biological
* describes methods for ensuring data assessment, all of which depend on the question(s)
quality objectives are met to be addressed. The major designs used for most
Study design... assessment programs are commonly based on one
« consists of a variety of approaches of t_hree objectives orga_nized by _spatial scale:
depending on study questions regional assessments, site-specific assessments, and
* is critical for an assessment program to gradient studies.
meet its objectives and its data quality
goals In defining an objective, it is important to

characterize the population of interest, whether it
includes all reaches or segments (stretches between tributaries of a given size) in a region, all
hydrologic unit codes (HUCs) of a certain size, all segments below publicly owned treatment
works (POTW) sites, or the segment below one specific discharge. Once the objective and
population are defined, it is easier to select a study design. Important aspects of statistically
powerful designs include the concepts of random sampling and sample allocation. Stratified
random sampling reduces variances, allowing a more precise measure of the variable of interest,
and is therefore ideal for statistical rigor. But not all levels of a study need employ random
selection. The important point is to randomize at the level of the question. For example, if we
are interested in the average number of invertebrate taxa found in rivers of a particular region
using a specified protocol, taking 100 random samples from one river reach would not be an
appropriate allocation of effort because only that one river reach would be characterized. It
would be more appropriate to take one sample from each of 100 randomly selected river reaches
throughout the basin because the river is the level of the question. Suggestions of
pseudoreplication are relevant and potentially valid criticisms only in the context of the questions
being asked. To avoid trying to answer a particular question with inappropriate data, it is
advisable to work with statisticians or analytical staff familiar with study design and data
analysis. The purpose of Section 3.1 and its subsections are to provide an overview of the
different sampling designs that could be used for large river systems.

3.1.1 Sampling Effort and Sampling Reach Length

It is challenging to balance required sampling effort with available resources, while
simultaneously maintaining focus on programmatic goals and objectives. While increased
sampling effort can be justified for increases in precision, there often are substantial increases in
the cost of sampling (Reynolds et al. 2003, Hughes et al. 2002, Lyons 1992b, Cao et al. 2001).
As Angermeier and Smogor (1995) point out, comparisons of estimates based on insufficient
sampling effort can be confounded because real differences in assemblage structure may be
indistinguishable from method error. In a bioassessment context, this can translate to a
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decreased ability to distinguish among sites of varying condition (Patton et al. 2000). However,
identifying the most appropriate sampling effort in assemblage-level studies is often ignored.

A number of issues have emerged that are worthy of discussion regarding sampling reach length
for non-wadeable rivers. On these systems, sampling reach lengths are generally larger than
those in wadeable systems - a result of the scaling-up to accommodate the magnitude of the
resource. The approach used can result in relatively long (i.e., kilometers) or short sampling
reaches (< 1 kilometer). Long reaches may mask small scale habitat conditions and impairments
that may be of interest to resource managers. They may also weaken the ability of the data to
detect linkages between local river conditions and the drivers of those conditions. In designs
where a long sampling reach is warranted, however, several small sub-reaches, and thus multiple
data points, can be used to estimate spatial variability. Such short reach lengths highlight small
scale conditions which may, simultaneously, reduce their utility for estimating broader-scale
characteristics. Both perspectives are justified at times, and selection of the appropriate reach
length for a study should depend on the questions being addressed by the study.

The development of a scientifically-sound sampling design for large rivers must include some
discussion of the sampling effort to be exerted at a given sampling location and along the river
(Lyons 1992b, Angermeier and Smogor 1995, Paller 1995, Peterson and Rabeni 1995, Patton et
al. 2000, Cao et al. 2001, Cao et al. 2002, Hughes et al. 2002, Dauwalter and Pert 2003,
Reynolds et al. 2003, Maret and Ott 2004, Fayram et al. 2005, Flotemersch and Blocksom 2005,
Hughes and Herlihy [accepted]). Any description of sampling effort includes specifying the
spatial scale over which the sample(s) will be collected (channel length), the amount and types of
habitats that will be sampled within that length, and the field sampling method to be used
(Reynolds et al. 2003). Further, the field sampling method is typically described by detailing
gear, specific habitat types, intensity, and often, an estimated number of person-hours per sample
(or site). Estimates and inferences regarding assemblage attributes (e.g., number of taxa,
metrics, and IBI scores) are sensitive to sampling effort (Angermeier and Karr 1986, Angermeier
and Smogor 1995, Rosenzweig 1995, Patton et al. 2000, Cao et al. 2002, Reynolds et al., 2003,
Flotemersch and Blocksom 2005, Hughes and Herlihy [accepted]) because riverine habitat is
heterogeneous with non-uniform distribution of organisms among habitat types (Angermeier and
Smogor 1995). The number of taxa collected at a given site will, thus, increase with sampling
effort, and will also vary with biogeography, sampling method and efficiency, behavior and
abundance of the assemblage being sampled, and patchiness of the targeted habitat components.

Ideally, the sampling effort applied is the minimum that will allow stated objectives to be
addressed as required by a study (Angermeier and Smogor 1995, Patton et al. 2000). As an
example of how the question can influence the required effort, estimates of species’ relative
abundances have been shown to require less sampling effort for a given accuracy than estimates
of the absolute number of species (Angermeier and Smogor 1995). For a bioassessment
program, potential cost savings realized through the use of efficient sampling protocols translate
to opportunities to enhance other aspects of a study design or program (Patton et al. 2000). This
section will focus on issues related to definition of the appropriate sample unit for large river
bioassessments. In other words, what is the channel length that will be sampled?
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3.1.1.1 Whatis a Reach?

In a hierarchical context (Figure 2-4), Frissell et al. (1986) defined the word “reach” as a length
of stream between breaks in channel slope, local side-slopes, valley floor width, riparian
vegetation, and bank material. They further added that the reach is sometimes the least
physically discrete unit in the hierarchy, but an exceedingly useful scale for describing medium-
and long-term effects of human activities on streams. We use the term “sampling reach” to
describe the site from which samples are collected. In linear systems, such as rivers, it is
quantified as some channel length.

Many factors relevant to sampling reach length decisions in wadeable streams (e. g., Patton et al.
2000, Lyons 2002) will influence those same decisions in larger, non-wadeable rivers. Paller
(1995) suggested that streams with low species richness may require greater reach length-to-
width ratios (I:w) to attain precise estimates of maximum species richness (MSR). However,
large Oregon rivers with low fish species richness required less sampling effort to attain MSR
relative to rivers with a higher species richness (Cao et al. 2001, Hughes et al. 2002). Paller
(1995) also found that the relative importance of sampling depth may depend on the behavior of
individual species (e.g., substrate or open-water orientation), or upon width-to-depth (w:d) ratios.
Many large rivers have an abundance of habitats supporting fish species that are difficult to
efficiently sample (e. g., those associated with deep, turbid, or swift-moving waters or off-
channel habitats); they can be more frequent in some regions of the country than others. For
these kinds of rivers and species, Angermeier and Smogor (1995) found that greater sampling
effort is necessary to attain and adequately characterize fish assemblage structure.

3.1.1.2 Approaches for Sampling Reach Length Determination

In most applications, the channel length over which data are collected is the same for physical
habitat measures and biota. Exceptions to this would be measures that characterize the larger
watershed of the reach, and water grab and phytoplankton samples collected at a single point in a
reach. The logistical advantages to using the same reach length for multiple indicator parameters
collected over the extent of the reach are clear, because the same persons can collect different
data at the same place and time. However, variable reach lengths may be justified, depending on
the indicator for which the sample(s) are being taken. For example, because biota move down
and upriver, an argument could be made that the channel length over which physical and
chemical habitat data are collected should exceed that over which assemblage information is
collected.

Different approaches have been used for determining the channel length used for bioassessment
of large rivers, most involving consideration of several factors including the question being
addressed by the study, the level of resolution (precision and accuracy) required to address the
question, and the statistical approach that will be used to analyze any resulting data. Just as
critical is ensuring that sampling reach length is balanced with available resources. The
following discussion is intended not as an exhaustive review of the topic, but as an overview
with examples.
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The reach lengths for most studies were set based on judgment, past history, or the need to match
some other aspect of sampling or management activities. However, recent research has been
conducted on the selection of sample reach lengths by evaluating the response of biological
parameters (e.g., species accumulation curves, assemblage metrics; 1B scores) as a function of
geomorphology (e.g. channel widths, meander wavelengths, riffle-pool sequences). Most of
these studies have used fish assemblages (Gammon 1976, Lyons 1992, Meador et al 1993,
Penczak and Mann 1993, Angermeier and Smogor 1995, Paller 1995, Yoder and Smith 1999,
Patton et al. 2000, Cao et al. 2001, Lyons et al. 2001, Hughes et al. 2002, Reynolds et al. 2003,
Maret and Ott 2004, Flotemersch and Blocksom 2005, Hughes and Herlihy [accepted]),
although a few have used benthic macroinvertebrates (Bartsch et al. 1998, Li 2001, Poulton et al
2003, Flotemersch et al. 2006). Whether MSR of the local or regional fish assemblage, form of
the final indicators (metric or index scores), or geomorphic characteristics should drive reach
length determinations should depend on by programmatic considerations and the overall
questions being addressed.

Biological Approach

The rationale for using biological measures for determining reach length is that in bioassessment
we are, by definition, assessing the condition of biota. Therefore, the sampling effort required to
produce reliable indicator results (metrics, indices) seems to be a logical determinant of reach
length. In most cases, this question is addressed by over-sampling at a series of sites that cover
the gradient of conditions to be included in a study and then determining the reach length for
which the required data quality has been achieved. Reach length is then determined based on
when a specified indicator asymptote is reached (Lyons 1992b, Angermeier and Smogor 1995,
Paller 1995, Patton et al. 2000, Cao et al. 2001, Lyons 2001, Hughes et al. 2002, Reynolds et al.
2003, Maret and Ott 2004), when some level of similarity has been attained (Cao et al. 2001,
2002), or variability of that measure has been reduced to a desired level (e.g., Flotemersch et al.
2006, Hughes and Herlihy [accepted]).

Design specifics have varied among these studies, resulting in differing conclusions. Hughes et
al. (2002) sampled 100 wetted channel widths, and through data analysis, determined that 85
channel widths were needed to collect 95% of the species obtained in 75% of the reaches
sampled; collection of all fish species in a reach was calculated to require 300 channel widths on
average. Those findings resulted in a field sampling design specification of 100x wetted width
(Peck et al. [in press]). Hughes and Herlihy (accepted) determined that 50 channel widths were
needed to obtain IBI scores exceeding those obtained from 100 channel widths less than 10% of
the time. In contrast, Flotemersch and Blocksom (2005) examined the effect of reach length on
the variability of IBI metrics from samples covering up to 2 km, and determined that at shallow
river sites 1 km total shoreline shocked was sufficient for limiting the change in metric scores to
20%. Additional recommendations were provided for deep river sites. These three studies began
with different reference conditions (100 channel widths vs 1000 meters), different maximum
distances (100 channel widths vs 2 km), and different values for acceptable variability (5, 10, and
20%), and thus produced different results.
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Physical Approach

Fixed Length vs Multiples of the Wetted Width (MWW)

Another difference among study results is how the final reach length is framed. Some studies
propose reach lengths as a function of multiples of the wetted width (MWW) of the channel
(e.g., Lazorchak et al. 2000, Hughes et al. 2002, Reynolds et al. 2003, Maret and Ott 2004, Peck
et al. [in press]) while others support the use of a fixed distance (Flotemersch and Blocksom
2005).

The MWW approach follows the logic that as a system gets bigger, the effort required to sample
the habitat components of the system at an equivalent level should increase proportionally. In
other words, a fixed length of 500 m on a river 100 m wide could potentially miss or under-
represent habitat components (such as bar, glide, pool, inside bend, outside bend that recur at
longer intervals). One argument against this logic is that differing amounts of sampling effort
are being applied across sites, by definition. A difficulty encountered with this approach in wide
or impounded rivers is long reach lengths (e.g., 5 km for a 100 m wide river if 50 channel widths
are the protocol). It is possible that pre-impoundment wetted width could be used in these cases
(although the information is often not readily available), or that impoundments could be sampled
like lakes.

Others have set reach length as a fixed distance (Flotemersch and Blocksom 2005) rather then as
MWW. Proponents of a fixed distance endorse the ease of application in the field and utility in
planning field activities (Patton et al. 2000, Lyons 2001, Flotemersch and Blocksom 2005).
Opponents argue that using a fixed distance results in unequal sampling effort relative to river
size, and that studies of fixed lengths have had lower data quality objectives regarding reference
condition, maximum level of effort, and acceptable levels of variability.

A second argument against fixed lengths is that where the reaches do not encompass a sufficient
number of habitat units, the biological differences detected may be due to differences among the
habitat units of the sites. This becomes a greater concern as river width increases. For example,
the Ohio River Valley Water Sanitation Commission (ORSANCO) conducts biological sampling
on the Ohio River using 500 m reaches (http://www.orsanco.org/watqual/aquatic/electro.asp).
The problem of the reach not including all habitats of a meander is addressed by the development
and use of habitat specific criteria for soft, hard, and mixed bottom types. But such criteria
ignore the often substantial diel migrations of larger fish species.

Meander Cycles

An alternate approach to using the response of biological parameters for setting reach length is to
set it independent of the biology using the geomorphology of the system. This approach has its
origins in work conducted by Leopold et al. (1964) who proposed that in meandering streams, 20
times the bankfull channel width typically encompasses at least one complete meander
wavelength of the system. Because fluvial characteristics are repetitive and cyclical (Dunne and
Leopold 1978), this distance should theoretically include all major habitat types within a given
geomorphic reach and, by default, be available to all resident biota of those habitats. Given this,
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the logic behind using geomorphic meanders as a basis for setting reach length for bioassessment
is clear.

However, in altered large rivers, the identity, extent, and boundaries of habitat units of a meander
are often non-distinct, obscured by turbidity or impoundments, or removed by anthropogenic
alteration of the channel (straightening, armoring, and dredging). These conditions can render
identification of a meander an impractical option for setting reach length and highlight the value
of the finding by Leopold et al. (1964) that one meander roughly equates to 20 times the wetted
channel width.

Following this guidance, NAWQA uses 20x wetted width, and sets a minimum length of 500 m
(to help ensure representativeness of biological data), and a maximum of 1000 m (to minimize
crew fatigue) (Fitzpatrick et al. 1998). However, such inconsistent levels of effort could
potentially lead to difficulties in interpretation.

Ultimately, it is the quantity and quality of information required that will dictate the level of
effort that can and should be expended at each sampling location. Thus, application of the data
quality objectives process, including quantification of desired indicator performance, and testing
of the capacity of sampling design to meet those objectives (both site specific and area wide),
should drive the appropriate reach length.

3.1.2 Regional or Area-wide Assessments

In this document, regional assessments are defined as those that assess water resource quality
across a broad region for status and trends monitoring. These studies are typical of designs used
to meet the 305(b) reporting requirements under the CWA, and often result in estimates of the
proportion of waterbodies in a certain condition (i.e., good, fair, or poor; or attaining and not
attaining).

Representativeness is a critical factor given that the objective is to estimate a parameter (e.g.,
mean condition) from a subsample of a larger population (e.g., all large river reaches in the
region). An important note with large rivers is that it may be possible to sample the entire
population in some regions. For example, in more arid regions, there may be a limited number
of large river segments. If the segment can be sufficiently characterized with a reach-based
sample, it is conceivable that the entire population of segments can be sampled, allowing
calculation of the absolute mean and variance for the population. Most often, however, the
population of segments or sample units will be large, making a census impossible. Some
inference of the average condition and variance will have to be made using randomized selection
of sampling reaches (Larsen 1997, Urquhart et al. 1998). To reduce bias in the final estimate
(e.g., percent of river miles impaired), probability-based designs for site selection are
appropriate.

The first step in this type of design is to organize continuous, linear systems like rivers into
representative units. For large rivers, this could be river segments, a standard hierarchical unit
defined by lengths of rivers between tributaries of a given size. The second step is creating an
approach for sampling these segments randomly. This might mean creating a list of “sample
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units” (or list frame), applying a code to each unit, and randomly sampling them based on
specified rules. Sample units could also be selected using a grid placed over a region, selecting
grid cells at random, and sampling large river segments within them. This approach can also be
used hierarchically, so that large grids (tier 1) are randomly selected and then small grids (tier 2)
within tier 1 grids are randomly selected for sampling (two-stage sampling). A benefit of this
approach is that not all rivers would have to be digitized beforehand, which can be costly if these
data do not exist. Only those segments within selected tier 1 grids would need to be digitized
(Rathbun 1999). However, this is an unlikely problem for large rivers given the availability of
existing digital information for rivers throughout the USA (e.g., USEPA’s river reach file [RF3]
coverage or USGS national hydrography dataset [NHD]). The EMAP program used a grid
selection approach as part of its probabilistic design (Overton et al. 1991, Stevens 1997, Stevens
and Olsen 1991, 1999).

Although there are a variety of probability-based designs, only the simple random, stratified
random, and systematic random approaches are discussed here. In simple random designs
(Rathbun 1999), the entire pool of segments is the population, and sampling sites are selected
randomly (Figure 3-1). This is the most basic probabilistic design. One drawback of this
approach is that natural variability among sample units will increase the sample size needed to
attain a given precision. Results of pilot studies should be used to determine appropriate
methods, the level of precision (repeatability) a method is capable of, and, thus, how many
samples are necessary to detect a desired change.

This natural variability can be partially controlled during sampling design by partitioning the
region into strata based on underlying, scientifically defensible, natural classes (e.g., ecoregions
or stream orders) using a stratified random design. The sample units are then selected randomly
from these strata (Figure 3-1). The strata should be selected to maximize the differences among
strata and minimize the differences within strata. By partitioning the natural variance among
segments within strata, this design can achieve the same precision using a smaller sample size
than a simple random sampling design, thereby reducing costs (Rathbun 1999). Sampling
allocation may be made proportional to the size of the strata (e.g., if 10% of the segments are
coastal plain, then 10% of the total sample effort would be randomly selected coastal plain
segments) or can be apportioned based on the within-stratum variance, if known. However, at
the very least, two sites are needed within any stratum to generate an average or variance
estimate. Using too many strata could lead to poor variance estimates of the river overall, and
thus, stratification should only be used with caution.

Systematic random is an approach for sampling site selection where the starting point (i.e., the
first site) is selected at random, and those following lie at regular intervals. For example, the
initial sampling location might be a 500-m segment with the midpoint at River KM 100. That
point would have been randomly selected from within the 25-km distance encompassing the
wadeable/non-wadeable transitional zone. Then, a reach midpoint would be located every 50 km
downstream to the confluence with a channel of the same size or larger (or to tidal zone, or to
estuary). Each sampling reach produces a random sample. Results from this design are used for
estimating overall condition of the river system (as a mean value), or examining cumulative
downstream effects. Additional information on different types of monitoring designs can be
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FIGURE 3-1. Examples of two-dimensional probabilistic sampling
designs.

Quantifying trends in resource condition is often an important objective for regional assessments.
Although there are different approaches for allocating sampling effort over time, only two are
covered in this document: permanent station and serially alternating (Rathbun 1999). Permanent
station approaches use a random sample of n sites that are all sampled during each time interval.
This option provides the least spatial coverage but may provide the highest temporal resolution
of trends, if temporal autocorrelation is weak. It is noteworthy that if resources allow sampling
the entire population of large river segments, a permanent station temporal design is appropriate
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then as well. Serially alternating designs (Table 3-1) or “rotating” designs partition the random
sites within a stratum into sub-sets of sites that are sampled at regular intervals (e.g., every four
years). This design was proposed for EMAP (Messer et al. 1991) and is the smaller scale
probabilistic design used by the Maryland Biological Stream Survey (MBSS) for wadeable
streams (Maryland Department of Natural Resources 1999).

TABLE 3-1. A serially alternating or rotating design for site sampling. In this example, all of the randomly
selected sites are split into four sample sets. Sample sets would be serially sampled, such that each set is
visited three times over 12 intervals (modified from Rathbun 1999).

Sampling Interval (years, seasons, etc.)

1 2 3 4 5 6 7 8 9 10 11 12

X X X
Sample X X X

Set

A WN P
X
X
X

3.1.3 Site-specific Assessments

Site-specific assessments focus on particular sites or small sets of sites, usually for the purpose of
assessing the effects of a specific and known stressor source (e.g., effluent) or the effectiveness
of a given intervention (e.g., restoration). Other site assessments may be performed for a unique
question driven by a specific request (e.g., Is this segment of river comparable to the reference
condition?). These objectives can be achieved through a variety of designs.

Traditionally, site-specific studies have been conducted using upstream vs downstream sampling,
with a completely random selection of sampling locations some distance above and below the
point of interest. One way of describing this is as a control-impact (CI) design. This sampling
design is only able to compare the condition of the downstream reach to that of the upstream
reach and use that as part of a weight-of-evidence argument for an impact. Drawing a
conclusion that any effect is specifically due to the effluent is difficult because: 1) the effluent
input is not replicated, and 2) since effluent pipes are not generally randomly placed, the local
physical setting also likely influences the upstream and downstream conditions. As a result, it
may be impossible to rule out other factors related to the upstream or downstream environment
as responsible for observed differences. This effect can be reduced by comparing mean
differences between the control and impacted sites to mean differences between comparable river
segments without impacts. Samples through time can be used as replicates; but the impacted site
would be pseudoreplicated, so there is only one true impact replicate (Hurlbert 1984). Still,
some level of repeated sampling would improve weight-of-evidence arguments.

One option to reduce some of the limitations of CI analysis is to design a study to collect data
prior to an impact and compare it to data collected after the impact begins. This design is
referred to as a before-after (BA) design. The BA analysis requires a sufficient amount of before
(pre-stressor or pre-effect) data so that the two sets of data can be analyzed as independent
samples using two sample tests (t-test or analysis of variance) (Smith 2002). It is best to
randomly assign the sampling dates to avoid systematic trend errors. As in the previous case,
however, causal inference is problematic because observed trends may be due to climatic
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differences or other natural events before and after the impact. Thus, this design does not have
the controls that would account for natural, widespread changes. In addition, the impact may
affect the variance structure rather than the mean, making detection difficult. Lastly, sufficient
before data are often not available or bias exists because of when the sample was collected
(sample timing), either of which would affect statistical power and inference. However, the BA
approach could be used in building a weight-of-evidence assessment.

Incorporating a control site into the design of a BA approach provides some control of natural
variability associated with time. In this design, data are also collected from the control site
before and after the impact. It is best to randomly assign the sampling dates. The data are
analyzed using a two-way ANOVA (BA and CI) with interaction (BA x Cl), and the design is
known as a before-after control-impact (BACI) design (Smith 2002). Such designs have been
criticized because the sites are not randomly assigned and there is only one treatment area
(Hurlbert 1984). One way around this statistical hurdle is to pair sampling at the control and
impact areas and sample several times, resulting in a before-after control-impact paired design
(BACIP) (Eberhardt 1976, Stewart-Oaten et al. 1986). The BACIP designs are treated much like
a repeated-measures design with multiple times on one site instead of multiple treatment
replicates. Each site-pair-time combination is treated as a unit. The ANOVA models in this
analysis have BA, CI, sample time, and interaction (BA x CI) terms (Smith 2002). However, a
simpler analysis of this design calculates differences for values collected at each site-pair-time
unit and compares mean differences before and after the impact (Stewart-Oaten et al. 1986).
This has also been called the paired BACI or BACI paired series approach (Smith 2002).

Variations on the BACI models have included increasing the number of randomly selected
control sites (asymmetrical BACI design) (Underwood 1991, but see criticism from Stewart-
Oaten and Bence 2001), including additional impact sites (Ellis and Schneider 1997), and using
multivariate extensions of BACI (Faith et al. 1991, Kedwards et al. 1999).

3.1.4 Gradient Studies

The last class of designs discussed here are those that investigate the nature of the response to
specific stressors. Rather than attempting to answer a yes-or-no question, these approaches
investigate ecological response to gradients in stressor levels. The objective is to provide
information to improve future management actions. An example would be to ask how biological
condition changes in response to increasing urbanization density. Is the response linear or non-
linear? Are there thresholds in the response? Such information can help land use planners
manage future development differently. Another objective might be to define the response of a
particular taxon to a known stressor. This information could be helpful in developing stressor
tolerance values for taxa.

The main design approach in these studies is regression, where samples are collected along the
entire gradient of the factor of interest (e.g., conductivity) and ecological response is measured.
If pure hypothesis testing were the desired goal (e.g., do benthic IBIs respond to urbanization
density?), then the levels of the independent variable should be controlled by the experimenter
and all else left equal. This is not really possible for most assessment designs because there is
rarely the opportunity to control land use intensity, but randomization schemes could be used to
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reduce site selection biases. One factor that must be considered is that as samples are taken
further downstream in a large river basin, the influence of small, degraded streams on
downstream water resource quality is often masked due to the overwhelming differences in
flows. However, if there is less interest in testing the hypothesis and more in defining or
modeling the relationship, then the level of control on the independent variable is less important.
It is easier to use existing gradients and to define the response with regression models.

Simple linear regression is used to define the response of one dependent variable (y-axis) to an
independent variable (x-axis). Further, multiple linear regression is used to explore the response
of a dependent variable to several independent variables (individual, transformed, or
combinations of independent variables). With multiple linear regression, the relative effects of
several potential explanatory variables can be examined simultaneously using a variety of
approaches, setting a fixed multi-variable model, adding one predictor at a time, or starting with
all of the independent variables and removing one at a time. In any case, the effectiveness of
gradient designs depends on bracketing the gradient as well as possible. It is important to realize
that certainty about responses is highest in the region where there are the most data (usually
along the middle of a gradient), and lowest where data are least (usually at the extremes). This
information must be extrapolated if there is interest in responses beyond the range of the gradient
used to develop the models. Extrapolation is risky and any model should only be applied with
great caution beyond the range of the independent variables used. With multiple regression
using a number of transformed variables, this range is often difficult to identify.

3.2  Coordinating Sampling Design with Management Objectives

As discussed in Chapter 2, it is important to understand and present the specific questions,
general goals, and potential uses for the assessment results; the DQOs that correspond to these
goals (for the ultimate data user), and the quality of the measurement data that are necessary for
the DQOs to be met (MQOs) (Figure 3-2). For biological monitoring and assessment
practitioners, the following questions are common: How healthy is the river? Is the river getting
better? What is the condition of our watershed? If there is general agreement that ecological
indicators (in particular, multimetric indices of biological integrity [IBI, Karr et al. 1986]) and
the ratio of observed to expected (O/E) taxonomic diversity (Wright 2000) provide the most
appropriate information about overall water resource health or condition, then important
decisions concerning the spatial placement of sampling sites and frequency of sampling.

Next, the study design process should allow specification of the spatial scale needed to address
the objective: Is the assessment intended to be for a single, particular river reach (e.g., 1 km, 10
km, the entire 2-km reach between two cities) or for all non-wadeable reaches within an entire
watershed (at whatever scale the watershed might be defined)? That is to say, is the objective to
make defensible statements of condition for individual sites, for area-wide scales, or both?

Answering questions at area-wide scales requires aggregating multiple site-specific assessments
to the scale of interest. However, if there is a probability-based component to the site-selection
process (Stevens and Olsen 1991, Larsen 1997, Urquhart et al. 1998), then data can be used at
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multiple spatial scales; from site-specific, to watershed-wide, to region-wide scales. Answers
can be expressed in the following forms:

e The overall biological condition of River X at River Mile 27.14 is “fair” (1BI, 42 +
9.4).

e The mean biological condition of non-wadeable river reaches in Watershed Y is
“good” (IBI, X =74,n=12,90% Cl =+ 7).

These questions can be answered in a credible and defensible manner, only if data of sufficient
quality and quantity are collected. Once the data user settles on the types of questions s/he is
asking (or is being asked) and the kinds of answers that would be satisfactory (e.g., with known
and acceptable confidence), then data of the required power and sensitivity should be specified in
the DQOs.

Management objectives

Defensible decision making; water
resource protection or restoration

11

Data quality objectives

Certainty in ultimate uses of data and
assessments; water resource assessment

11

Measurement quality objectives

Acceptable levels of data quality; allow DQOs to
be met

FIGURE 3-2. The relationship among management, data
quality, and measurement quality objectives.

3.3  Data Quality Objectives

DQOs are statements of the level of uncertainty that a decision maker is willing to accept in
decisions made on the basis of the measurement data (Smith et al. 1988, USEPA 2000b). An
example DQO statement by a data user is:

This monitoring program should be able to detect a 20% change in mean biological index score
(sensitivity), 80% of the time (power), with 95% confidence (certainty).

From this, or a similar statement, if there is a known or estimated precision value, a power
analysis can be performed to help determine how many samples or sites are necessary to be able
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to meet the stated DQOs (Osenberg et al. 1994, Urquhart et al. 1998). The greater the variance
associated with an indicator, the larger will be the number of samples necessary to detect true
change. Figure 3-3 presents the results of a power analysis, which show that 10 samples are
necessary to be able to detect a 20% decrease in mean (x) indicator value, with 95% confidence.
How those 10 sites are arrayed throughout the landscape (or watershed) is dependent on the
spatial scale of the question to be answered. For example, if one wants to have this level of data
quality for three watersheds of different sizes, each watershed would need to be samples at 10
randomly-selected sites, regardless of its size. The key is to ensure that the locations are selected
without bias.

40 - ]

—2-Sided test (Pow.=0.8 & Conf.=0.95), Stdev (Ref.=7, Test=14)

w
o

Number of Samples
5 3

0. ; ; ; ; é ;
10% 20% 30% 40% 50% 60% 70% 80%

Percent Decrease in Mean

FIGURE 3-3. Results of power analysis showing the relationship between number
of samples and the ability to detect differences (or changes) in mean index score
(Stribling and Davie 2005). The index tested is multimetric and calibrated for
Level 4 ecoregions in the Georgia Piedmont; benthic macroinvertebrate sampling
methods are those of the Georgia Environmental Protection Division for wadeable
streams.

If a certain level of data quality cannot be assured, then it is possible that the required DQOs
cannot be met, with a resulting increased uncertainty (diminished defensibility) in addressing
management objectives.

3.4 Measurement Quality Objectives and Performance Characteristics

Data quality is “the magnitude of error associated with a particular dataset” (Taylor, in Keith
1988). Overall error can be segregated into two types: random and systematic. Controlling error
in datasets is necessary to ensure that reliable information is available to ecosystem managers
and other decision makers. Random error, or variability, is error associated with natural
variability; efforts to manage this kind of error are focused largely on sampling design such as by
definition of temporal strata (e.g., seasonal index periods), stratification of sampling locations
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(site classes), and randomized site selection (Figure 3-4). Systematic, or method, error results
from how samples are taken and processed, and its control is largely through effective QA/QC.
Although random and systematic error are often not completely independent (i.e., there is
interaction between them in particular measurement systems), they do in some manner
individually contribute to the overall variability of the final result. In fact, if some aspect of a
sampling design is incorrect and gets implemented, data produced can exhibit substantial
systematic error. However, it is possible to partition the potential error sources and use various
control techniques to manage the error.

Total Error

Systematic Error + Random Error

e 4

Field Sampling Spatial Heterogeneity
Laboratory Sorting/Subsampling Hydrologic
Taxonomy Hydraulic
Enumeration Topographic
Data Entry Temporal Heterogeneity
Data Reduction Diel
Site Assessment and Interpretation Diurnal

Days
Week
Months
Annual
Decadal

FIGURE 3-4. The overall variability of any measurement system results from
both systematic error and random error. In biological assessment protocols,
variability results from each step of the process and the spatial and temporal
distribution of the samples.

An approach for ensuring that only data of known and acceptable quality are used is to establish
and apply measurement quality objectives (MQQOs). They can be established for any aspect of
the biological assessment process, and MQOs may be guantitative or qualitative. Because a
biological assessment protocol is a series of methods (Stribling et al. 2003), it is necessary to
either describe the quality of data produced by each method or to assume sufficiency and
acceptability. Different indicators require different activities to arrive at the endpoint. For
example, the assessment process using the benthic macroinvertebrate assemblage is made up of
at least seven methods or activities (see Chapter 6), and the quality of data and information
produced by each can affect subsequent activities. Estimates of field sampling precision are
directly affected by how the samples are processed (i.e., laboratory sorting, subsampling, and
taxonomy). If laboratory activities are not performed at an acceptable level, any discussion of
field precision may be meaningless. The magnitude of error that adversely affects a data user’s
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ultimate interpretation of an endpoint is likely unknown, or at least poorly understood. Routine
documentation of data quality at each step of the bioassessment process improves defensibility of
the end result. Acceptability of different rates and magnitudes of error is dependent on the needs
of the data user. In the respective chapters on assemblage, components of the assessment
process are segregated for purposes of defining performance characteristics.

PERFORMANCE CHARACTERISTICS DEFINITIONS

Precision — the nearness of two different measures of the same property (Taylor 1988, Taylor and Kuyatt
1994).

Accuracy — the nearness of a measurement to its true value, or analytical truth (Taylor 1988, Taylor and
Kuyatt 1994, Clark and Whitfield 1994); the inverse of bias.

Bias — distance from a known value caused by systematically favoring some outcomes over others (Smith et
al. 1988, Clark and Whitfield 1994); the inverse of accuracy.

Representativeness — that a value or entity depicts the property it is intended to depict.

Completeness — a measure of the number of valid data points relative to the planned number of data points
(Smith et al. 1988).

Sensitivity — amount of change an indicator can detect relative to an independent variable (such as a
disturbance gradient).

Although the importance of different performance characteristics should be determined by the
ultimate data user, those data users should understand the potential error source interactions. The
performance characteristics most commonly discussed are precision, accuracy, bias,
representativeness, and completeness. Others which may be of importance and concern include
selectivity and interferences, though they are often thought of as components of bias.

Individual performance characteristics are relevant to some components of the assessment
process, but not to others because they may not be applicable. Further, some can be described
quantitatively (QN) and others qualitatively (QL). Although there is differential rigor in how
these aspects of data quality are communicated, and use of “na” may seem particularly trivial, it
may be important. For example, it is important for non-specialists reviewing biological
assessments to know that the concept of accuracy is not relevant to field sampling, while it is
highly relevant to the final assessment of conditions. The analytical truth for benthic
macroinvertebrate field sampling would be all organisms, in totality, present at a site. This value
would be impossible to document, even with an enormous sampling effort. Table 3-2 presents
formulas and explanations for quantitative performance characteristics. Documenting
performance characteristics for a protocol or a program demonstrates the level of data quality
that is achievable, and the quality of data associated with a program, project, or dataset.
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TABLE 3-2. Formulas and explanations for quantitative performance characteristics.

Relative percent difference (RPD) — field sampling precision

This statistic represents the proportional difference between two measures and is calculated using the equation:

(|A—B| j
RPD =| ——x 2 |x100,
A+B

where A is the metric or index value of the first sample and B is the metric or index value of the second sample
(Berger et al. 1996).

Root mean square error (RMSE) - field sampling precision

A kind of generalized standard deviation, this precision statistic is a pooled standard error for a set of k group means,
usually associated with a one-way ANOVA, and is calculated by:

k N
ZZ(YU_VJ‘)Z
RMSE =1/ == ,

2 df

where yj; is the i" individual observation in group j, j = 1...k (Zar 1999).

Coefficient of variability (CV) - field sampling precision

This statistic is a unitless measure of precision calculated from the RMSE by:

CV = R'\¢_SE %100,

where Y is the mean of the dependent variable (e.g., metric, index; Zar 1999).

Detectable difference (DD) — sensitivity of biological metrics, index, or O/E score

The detectable difference of the indicator defines the bracket around the observed mean (of metric, index, or O/E
score) within which the true mean will be found with specified confidence, and thus, of the smallest difference
between values that is significant. The implicit assumption here is that the frequency of repeat sampling is adequate
to provide precision estimates representative of natural variability in the context of the method or protocol being
used. Also, since the distribution is unknown, degrees of freedom (df) is set for an unlimited number of samples, or
oo (Zar 1999). For a 90% detectable difference of a single observation (i.e., p = 0.10), the RMSE value is multiplied
by 1.64 (from a standard t-table, e.g., Zar [1999]):

DD,, = RMSE x 1.64

for 95% detectable difference (p = 0.05), the t-value multiplier is 1.96; and so on. With additional replicate samples,
the detectable difference is divided by the square root of the number of replicates:

DD,, (2 —tailed) = (RMSE x1.64)/+/n
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TABLE 3-2. (Continued)

Percent completeness (%C) — field sampling, taxonomy, site assessment and interpretation

Percent completeness is a measure of the number of valid samples that were obtained as a proportion of what was
planned, and is calculated as:

%C = 2 x100 .
T

where v is the number of valid samples and T is the total number of planned samples. For percent taxonomic
completeness, v is the number of specimens in a sample that were identified to the target taxonomic level and T is
the total number of specimens in the sample.

Percent sorting efficiency (PSE) — sorting/subsampling bias
Percent sorting efficiency is calculated as:

A
A+B

PSE = %100,

where A is the number of organisms found by the original sorter, and B is the number of missed organisms recovered
(sort residue recoveries) by the QC laboratory sort checker.

Percent difference in enumeration (PDE) — taxonomic precision

Precision of sample counts is determined by calculating percent difference in enumeration by comparing results
from two independent laboratories or taxonomists using the formula:

poe <"l 100
n1+n2

Percent taxonomic disagreement (PTD) — taxonomic precision

Precision of taxonomic identifications is determined by calculating percent taxonomic disagreement by comparing
genus-level taxonomic results from two independent taxonomists, using the formula:

comp .
PTD = [1— (Tpﬂ %100,

where compys is the number of agreements and N is the total number of organisms in the larger of the two counts
(Stribling et al. 2003).
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TABLE 3-2. (Continued)

Discrimination efficiency (DE) — accuracy of site assessment and interpretation

The accuracy of the Index of Biological Integrity (IBI) and individual metrics is characterized as their capacity to
correctly identify stressor conditions (physical, chemical, hydrologic, and land use/land cover) and is quantified as
discrimination efficiency using the formula:

DE:%xlOO,

where a is the number of stressor sites identified as below some specified acceptance threshold, and b is the total
number of stressor sites.

3.5  Performance-based Methods Systems

Performance-based methods systems (PBMS) require that acceptable data quality be defined
relative to MQOs. Once MQOs are established, any protocol or program producing data meeting
those acceptance criteria are acceptable for use. Using a PBMS enhances monitoring programs
in that it:

e Provides the means to objectively screen data quality and quantify acceptable
measurement error,

e Improves credibility and defensibility of biological assessments,

¢ Allows for communication of the data quality to secondary user(s), and

e Provides the necessary information for determining comparability among programs,
protocols, methods, and data.

The PBMS (Figure 3-5) integrates decisions on the acceptability of data quality with their utility
for management decisions (see the website for the Methods and Data Comparability Board of the
National Water Quality Monitoring Council (NWQMC) (http://acwi.gov/methods/) for more
information on PBMS). If performance characteristics are documented for one program or
dataset, it looks similar to what should be routine QA/QC. If documented for two, determination
of comparability between the two programs is relatively straightforward (Figure 3-6).
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—Pp Establish management objectives

v
Specify data quality objectives (DQO)

<

Select indicators

<

Specify measurement quality objectives
(MQO) (=acceptance criteria)

<

Collect data

<

Document protocol performance

<

Evaluate performance relative to MQOs

<

Exclude/reject data not meeting MQO

<

“Calculate” indicators

<

Address management objectives

FIGURE 3-5. Use of MQOs and performance
characteristics to ensure defensibility of management
decisions (USEPA in preparation).

Protocol A Protocol B
Document Performance Document Performance
Characteristics Characteristics

v

Compare A, X By

( Acceptable? : s

yes no
Combine into Exclude from analyses

single dataset

FIGURE 3-6. Framework for analyzing the comparability of
multiple biological assessment protocols.
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Chapter 4.0 Habitat Assessment and
Physicochemical Parameters

with contributions from JoAnna L. Lessard?

This chapter... 4.1  Introduction
e summarizes a variety of large river habitat
assessment approaches This chapter provides an overview and summary of
Habitat assessments... selected large river physicochemical and habitat
« are important because of their established assessment protocols representing a cross-section
link to biological impairment of field methods currently in use in the USA.
* are less developed than other assessment Habitat refers to all aspects of the physical and

methods making definitive recommendations | .o nical environment and the biotic interactions

difficult L . .

« should include consideration of bank/channel | Within an ecosystem. In the Rapid Bloa_ss_egsment
condition, instream habitat, and local and Protocol for Wadeable Streams, the definition of
watershed scale disturbances habitat was narrowed to those instream or riparian

features that influence the structure and function of
the aquatic community (Barbour et al. 1999). Physicochemical habitat condition provides the
template for aquatic life and determines what can live in an aquatic system. Habitat diversity
explains much of the variation in biological diversity in rivers (Gorman and Karr 1978, Vannote
et al. 1980, Raven et al. 1998, Voelz and McArthur 2000). Habitat characteristics are important
for classifying streams, identifying disturbance gradients and determining their effects, and are
the basis for stream restoration efforts. Altered habitat structure is considered one of the major
stressors to aquatic systems that leads to a loss of biological integrity (Karr et al. 1986).
Evaluating habitat quality, therefore, is critical to any assessment of ecological condition and
should be performed at the same time and location(s) as biological sampling.

This chapter discusses selected monitoring programs that evaluate physical habitat quality using
a range of protocols, methods, and levels of effort. Several of the programs assess
physicochemical habitat condition to document broad temporal and spatial patterns, collect
baseline data, document influences of watershed disturbances, and evaluate general habitat
quality, even as an independent indicator of ecosystem condition (e.g., Environmental
Monitoring and Assessment Program [EMAP] and National Water-Quality Assessment Program
[NAWQA]). These programs generally include more in-depth measurements and
characterizations of a broad list of parameters. Other programs evaluate physical habitat quality
primarily to describe potential drivers of biological condition, using biological patterns as the
final measures of ecological condition, and for making management decisions (i.e., streams are
designated as “impaired” based on biological condition). These programs generally measure a
reduced number of parameters or use more qualitative and visual-based methods. Protocols
developed and used to meet the programmatic objectives are designed so that habitat assessments
can be completed at the same time biological samples are taken (e.g., Ohio Environmental
Protection Agency’s Qualitative Habitat Evaluation Index [QHEI; Rankin 1989], and Michigan
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Department of Environmental Quality’s Non-Wadeable Habitat Index [NWHI; Wilhelm et al.
2005]). Physical habitat data resulting from any of these programs can be utilized to evaluate
sources of ecological stress, but statistical analysis and predictive models usually require more
quantitative data. When beginning any river assessment program, the objectives of the program
must be clear so that the data collected will be of the quality needed (i.e., appropriate precision)
to meet those objectives. Future uses of the data should also be considered because post-hoc and
metadata analyses cannot be made without data for important habitat features.

The assessments performed by most water resource agencies include a general description of the
site, a physical characterization and water quality assessment, and a visual assessment of
instream and riparian habitat quality (Barbour et al. 1999). These data, along with quantitative
measurements of select physical parameters, provide an integrated picture of many of the factors
influencing the biological condition of a system. These assessments, however, have mostly been
developed for medium-to-high gradient wadeable streams (Wang et al. 1998, Barbour et al.
1999, Wilhelm et al. 2005). The methods, metrics, and criteria for the physical and chemical
habitat assessment of large rivers are still in the early stages of development and use; and we
expect the protocols to evolve over time. However, similar to wadeable streams, evaluating the
habitat quality of large rivers can be accomplished by characterizing selected physicochemical
parameters in conjunction with a systematic assessment of physical structure. Through this
approach, key features can be measured, rated, or scored to provide a useful assessment of
habitat quality.

Due to their extensive drainage basins, large rivers are often highly impacted by the cumulative
effect of all upstream activities (e.g., land use and point-source discharges), which commonly
lead to chemical and organic pollution. These larger systems also tend to have long histories of
physical habitat alteration from dams, diversions, land use, and channelization. Large rivers,
therefore, often present a truncated gradient of conditions skewed toward the impacted or
degraded condition. These issues illustrate the need to adequately sample and characterize
physicochemical habitat condition.

State and federal agencies have developed physical assessment protocols intended for use in
rivers (Table 4-1). This chapter summarizes specified habitat methods for five programs, which
were selected because they represent a cross-section of current large river methods. This chapter
does not recommend a specific habitat assessment protocol primarily because habitat methods
for large rivers are less developed than other large river assessment elements, and there is a lack
of consensus on the most suitable approach. Ultimately, the selection of an approach will
depend on whether the principal objective of users is to: 1) thoroughly characterize the physical
habitat of large river reaches as the primary indicator of ecological conditions, or 2) in concert
with biological surveys, to characterize only those physical habitat elements most likely
contributing to the capacity of a river to support the survival and reproduction of the biota. The
approach in this document, though it is still being refined, is presented as a compromise between
these two options. The other approaches reviewed are presented as examples to allow flexibility
in program design, depending on user needs. Parameters considered critical for assessment of
habitat condition are discussed and described, including those common to most stream
assessments as well as those thought to be more important for large river systems. EMAP is
used as a case study example in the following text box.
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Program Highlight

Environmental Monitoring and Assessment Program-Surface Waters (EMAP): Physical Habitat
Characterization for Non-wadeable Rivers

This program focuses on evaluating ecological conditions on regional and national scales. The habitat assessment
protocol describes procedures for collecting both quantitative and qualitative data about environmental measures
or attributes of indicators of non-wadeable stream physical habitat and ecosystem condition. These procedures
were developed based on standard or accepted methods, modified as necessary to accommodate EMAP sampling
requirements; and the entire protocol was intended for use in field studies sponsored by EMAP. EMAP studies a
proportional reach length of 100X the wetted width (western rivers) or 40X the wetted width (eastern rivers).
Within each reach, EMAP samples or characterizes physicochemical habitat both longitudinally and at 11
equidistant cross-sectional transects. There are seven general physical habitat attributes used for EMAP non-
wadeable river assessments: channel dimensions, channel gradient, channel substrate and type, habitat complexity
and cover, riparian vegetation cover and structure, anthropogenic alterations, and channel-riparian interaction
(Kaufman 1993, 2000). Expected values, however, change with stream size.

Components of Physical Habitat Assessment:

1. Thalweg Profile: At 10 equidistant places between each transect, record habitat type, presence of back-
water or side-channel habitat, characterize substrate type; at 20 equidistant places between each transect,
tally mid-channel wood snags and place in size classes, measure maximum thalweg depth.

2. Littoral/Riparian Cross Section: At each of the 11 transects measure/estimate from one chosen bank,
gradient between transects, bearing between transects, wetted-width, mid-channel bar width, bankfull
width and height, incision height, bank angle, riparian canopy cover in four directions from bank,
shoreline substrate between water and 1 m up the bank.

3. Littoral Plots: At each transect, at the chosen bank, delineate 20 x 20-meter littoral plots that the water
and transect line bisect.
3a. In the wet half of these plots, determine littoral depth at five places, dominant and subdominant
substrate size; tally large wood by size class and other fish concealment habitat.
3b. In the dry half of these plots, determine estimate of areal cover by class and type, record and tally
human disturbance types and their proximity to the channel, and estimate distance from bank, the
diameter, height, and species of largest riparian tree.

Components of Water Chemistry Sampling:

1. Field Measurements: In an area of flowing water in the channel, take field probe measurements of
specific conductance, dissolved oxygen, and water temperature.

2. Samples for Lab Analysis: At the same place as field measurements, obtain a 4-L cubitainer water sample
and place on ice and in the dark. Also obtain two, 60-ml syringe samples of river water and then place on
ice and in the dark. The cubitainer sample is analyzed for major ions, nutrients, iron, manganese,
turbidity, and color. The syringe samples are analyzed for pH and Dissolved Inorganic Carbon. Water
samples must be delivered overnight to analytical laboratory for analysis (syringe) or stabilization
(cubitainer).
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TABLE 4-1. Major large river program habitat approaches. Detailed program method comparisons are
provided in the following sections.

Program

Protocol Summary

Citation

Primary objective: characterizing long-term spatial and temporal patterns in habitat condition as its own
independent indicator of ecosystem condition.

USEPA EMAP-Surface

Waters

(Summarized in Program

Highlight box)

USGS NAWQA

National and regional program for characterizing status and trends
on ecological condition. Characterize seven general physical
habitat attributes: channel dimensions, channel gradient, channel
substrate size and type, habitat complexity and cover, riparian
vegetation cover and structure, anthropogenic alterations, and
channel-riparian interaction. Primarily quantitative measures
along 11 transects in reaches 100X or 40X the wetted width.
Estimated level of effort: 2 people, 2 day per reach.

National program to characterize water quality condition and
develop an understanding of factors influencing quality.
Quantitative measures taken to characterize habitat at 4
hierarchical scales: basin, segment, reach, and microhabitat. At
reach scale, primarily quantitative measures along 11 transects in
reaches 20X stream width within 500-1000 m lengths. Estimated
level of effort: unknown, probably 1 reach per day.

Primary objective: evaluating habitat to understand biological condition.

Large River

Bioassessment Protocol

(LR-BP)

Non-Wadeable Stream
Habitat Index (NWHI)

Qualitative Habitat
Evaluation Index (QHEI)

Scaled down version of the EMAP program protocols.
Characterize 6 of 7 EMAP attributes: channel dimensions, channel
substrate size and type, habitat complexity and cover, riparian
vegetation cover and structure, anthropogenic alterations, and
channel-riparian interaction. Reach length set to correspond to
biotic assemblages being sampled. Semi-quantitative measures

from six transects. Still in development. Estimated level of effort:

1 person, a — 2 day per reach.

A multimetric index developed for characterizing habitat in
Michigan non-wadeable streams and rivers. Features used in
index include: riparian width, large woody debris, aquatic
vegetation cover, sediment deposition, bank stability, substrate
size, and off-channel habitat. Primarily quantitative measures
along 11 transects scored as metrics within 2,000-m reaches.
Estimated level of effort: 2 people, 1 day per reach.

A multimetric index developed for characterizing habitat in Ohio
streams. Composed of six variables: substrate, instream cover,
channel morphology, riparian zone and bank erosion, pool/glide
and riffle/run quality, and gradient. Primarily qualitative scoring
of metrics over the entire 500 m length of study reach. Estimated
level of effort: 1 hour per reach.

Kaufmann
2000

Fitzpatrick et
al. 1998

Blocksom and
Flotemersch
2005,
Flotemersch
and Blocksom
2005

Merritt et al.
2005, Wilhelm
et al. 2005

Rankin 1989
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4.2  Site Location and Other Descriptive Information

Site location and other logistical or geographical details are often very important for site
relocation and data interpretation and sometimes function as metadata for other analyses. All
physical habitat data sheets should include identical header information sufficient to identify the
station and location where the survey was conducted, date and time of the survey, and the
name(s) of the investigator(s) responsible for the quality and integrity of the data. The river
name and basin should identify the watershed and tributary sampled; the location of the station
should be described in a narrative to help identify specific locations and access to the station for
repeat visits. The river kilometer (RKM)), if applicable, and latitude/longitude are examples of
specific locational data for each station. Data sheets should include a section for notes on the
weather conditions on the day of the survey and immediately preceding the survey. This
information is important to interpret the effects of storms on the sampling effort. A photograph
can be very helpful in identifying station location and documenting habitat conditions. Any
observations or data not requested but deemed important by the field observer should be
recorded. A hand-drawn map is also useful to illustrate other features such as major landmarks,
vegetative zones, and buildings that might be used to aid in data interpretation. Record the
origination type (such as glacial, montane, swamp, and bog) of the stream, if known. As the size
of the river increases, a mixture of tributary origins is likely.

4.3  Sample Reach Characterization: Transects

Physical habitat has components that change both longitudinally (e.g., sinuosity, gradient) and
laterally (e.g., cross-sectional shape and substrate). Each of the highlighted protocols sample
both the longitudinal and cross-sectional characteristics of each sample reach (except the QHEI,
which characterizes habitat within the reach as a single index score based on a visual
assessment). Four of the protocols specify that 11 equidistant transects be delineated along the
entire reach. Simonson et al. (1994) found that 11 transects in a sample reach was sufficient to
achieve approximately 80% accuracy of estimated mean values of fish habitat characteristics.
The EMAP, MDEQ, and NAWQA protocols all use 11 transects for physical habitat assessment.
The LR-BP protocol pares the EMAP methods to six transects within a 500-m reach (see
Blocksom and Flotemersch 2005).

4.4. Channel and Bank Characteristics
4.4.1 Water Depth

Depth profiles are used to characterize pools, river size, channel complexity, and proportions of
habitat types (e.g., riffle, run, pool) (Kaufmann 2000). Water depth is generally measured
longitudinally along the thalweg (i.e., flow path of the deepest water) or laterally across each
transect. For large rivers, all protocols recommend depth measurements be made with a depth
pole, sounding rod, or Sonar. The EMAP protocol specifies detailed thalweg maximum depth
measurements be made at 20 or 10 equally spaced intervals (for 100X or 40X reach lengths,
respectively) between each of the 11 transects during the downstream float of the reach. EMAP
also specifies 5 equally spaced littoral zone depth measurements be made at each transect within
20 x 10-m littoral plots at each bank (~1 m from bank). The MDEQ and LR-BP protocols
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specify a similar longitudinal approach with measurements made every 40 m or 25 m,
respectively along the reach. The LR-BP also specifies that cross-sectional depth measurements
be collected for discharge calculations at three points along the reach (0 m, 250 m, and 500 m).
NAWOQA specifies depth measurement at each transect.

4.4.2 \Wetted and Bankfull Width

Width characteristics provide information on the channel type (e.g., constrained vs having a
broad floodplain) and stream size, which sets important boundaries for biological interactions
and riparian influences in rivers. Wetted width is particularly important for habitat assessments
because it is used as the multiplier to set the sampling reach length and is used to calculate a
width:depth ratio, which can be used as an index of channel shape (Merritt et al. 2005). Bankfull
width indicates the boundary between normal high flows and flood stage, and helps characterize
the dynamics of the channel and the extent of the floodplain. All protocols recommend using a
laser rangefinder for channel width measurements. For transect-based methods, width
measurements are made at each transect along the sample reach. For large rivers and streams,
where channels are more easily delineated and not obscured by vegetation, channel width and
floodplain extent can often be characterized and estimated using remote sensing techniques (with
appropriate ground truthing and calibration; see Section 4.6). Where available, these resources
should be utilized, especially for programs with assessment objectives across large geographic
areas.

4.4.3 Sinuosity

Sinuosity (i.e., channel curviness) describes energy conditions, habitat diversity, and is also
related to gradient (i.e., lower gradient rivers tend to have more sinuosity) (Fitzpatrick et al.
1998). The NAWQA protocol calculates sinuosity from the ratio of curvilinear length of the
reach (estimated using a map wheel or GIS) to the segment valley length (straight line distance
between upper and lower reach boundaries). The MDEQ protocol uses a mean width:depth ratio
from the 11 transects as an indicator of channel shape (Merritt et al. 2005). The QHEI scores
sinuosity by visual estimates in the channel morphology metric (Rankin 1989).

4.4.4 Gradient

Gradient is an indicator of the energy available for water and sediment movement through a
reach, which controls the types of habitat that will be present in a river system. Therefore, it is
an important determinant of distributions of stream organisms. Because of the difficulty of
measuring this variable, scientists often estimate it using maps or the elevation differences
between dams. The NAWQA protocol specifies measuring the upstream and downstream
elevation (using a map, GIS or GPS unit), subtracting the two (upstream-downstream) and
dividing this number by the segment valley length of the reach (Fitzpatrick et al. 1998). EMAP
specifies measuring upstream and downstream elevation change with a clinometer or Abney
level between each transect (Kaufmann 2000). The MDEQ and QHEI protocols estimate
gradient from topo maps, digital elevation models (DEMs), or a GIS. It is important to note that
for low-gradient and impounded rivers, the gradient is essentially zero when measured using
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tools such as a clinometer or Abney level because they cannot detect very small changes in
elevation.

445 Bank Characteristics
4.45.1 Bank Stability

Bank stability is an important indicator of both past and present disturbance and can often be
used to predict future problems. Unstable banks add sediment to rivers and do not offer the
structural or functional services that stable, vegetated banks provide to instream organisms.

Bank stability is a function of bank angle, height, substrate type, and vegetative cover. The
NAWQA protocol specifies using a clinometer to measure or estimate bank angle, a surveyor’s
rod and level to measure or estimate bank height, and visual estimates of substrate and vegetative
cover at each transect, all of which are combined into one bank stability index score. Simpler
protocols include estimating bank angle and height at each transect by comparing it to a
categorical chart on the field sheets (EMAP) or visually estimating it (LR-BP) and scoring bank
stability along the entire reach (MDEQ, QHEI).

4.4.5.2 Riparian/Floodplain Condition

Other than stability, lateral bank characteristics include the condition and characteristics of the
riparian zone and floodplain. Floodplains are the lateral low-land areas adjacent to streams that
include what is typically considered the “riparian area”, but the true floodplain region often
extends laterally far beyond what is normally evaluated during stream assessments. Floodplain
zones are typically delineated by the temporal flooding pattern of the area (e.g., seasonal wet-
weather floodplain, 10-year floodplain, 100-year floodplain), while riparian assessments often
focus on areas delineated by some predetermined distance. Riparian condition measures include
the vegetated width (i.e., buffer width), longitudinal continuity, and substrate and vegetation
type. Floodplain characteristics beyond the “buffer”, however, are also vital to the ecological
function of rivers and are not typically a part of monitoring programs. Floodplains are very
important for hydrological control, inorganic transport and storage, nutrient dynamics, and
processing and transport of organic matter (Junk et al. 1989, Craft et al. 2002, Mouw et al. 2003,
Poole et al. 2002). In addition, many organisms rely on floodplain inundation during important
life history stages (Junk et al. 1989). Documentation of floodplain extent, vegetated cover,
disturbance, and temporal patterns of inundation would contribute a great deal to habitat
assessment programs aimed at understanding the drivers of ecological condition of large rivers.
All of these features provide information on likely stressors that may be influencing instream
organisms and also identify targets for riparian and floodplain restoration efforts.

All protocols discussed in this chapter visually estimate riparian parameters either at each
transect within 10 x 20-m landward plots (i.e., assumes 20-m buffer is adequate) [EMAP, LR-
BP, MDEQ)], along 30-m lateral extensions of transects (i.e., assumes 30-m buffer is adequate)
[NAWQA], or along the entire reach (riparian width is scored) [QHEI]. All protocols score or
evaluate riparian areas higher or “in better condition” when they are wider, continuous, stable,
and dominated by dense native vegetation. In many alluvial southern floodplain rivers, shifting
sands, unstable substrates, unstable sliding banks, and unvegetated bare ground are all signs of a
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naturally functioning riparian system. The biota inhabiting these sandy rivers are generally
tolerant omnivores that thrive under such conditions. Overly stable banks, in this setting, would
therefore be a sign of degradation, which illustrates the need to not only include both riparian
and floodplain condition measures in assessments, but also to anchor the evaluations to a
regional reference condition. All habitat metrics must be calibrated to local or regional reference
sites before determining how to score habitat features that vary regionally. Programs may also
include criteria for native vegetation in riparian and floodplain condition estimates, especially in
areas where invasive species are a problem.

The Center for Environmental Research in Germany has studied the potential for using
biological indicators for floodplain assessment in a report called “Development of a Robust
Generally Applicable Indicator System for Ecological Changes in Floodplain Systems”
(available online at www.ufz.de/index.php?en=1770). Floodplain hydrology models are also
becoming more commonly used to predict patterns of inundation and water storage in
floodplains. More work needs to be done on the relationship between biological condition of
rivers and floodplain characteristics, especially for large rivers where floodplain connectivity is
likely much more important. In developing an assessment protocol for large rivers, it is
advisable to incorporate some sort of floodplain evaluation procedure to augment more
formalized habitat assessments.

4.4.6 Channel Alterations (Unnatural Disturbance)

Characterizing direct channel modifications provides an important historical perspective on the
anthropogenic disturbances to which a river system has been exposed. This information helps
put many other habitat characteristics into perspective and will influence expectations for the
biota. These activities are generally listed as comments in the site characterization and often
influence the scores of other bank/channel parameters (e.g., channelization, riparian vegetation
removal, logging) (MDEQ and LR-BP). The EMAP protocol records the presence/absence of 11
categories of disturbance at each transect. The NAWQA protocol includes noting any unnatural
disturbances but specifically recommends noting water management activities or
hydromodifications. The QHEI protocol includes human activities in the scoring of its riparian
condition metric.

4.5 Instream Habitat

Instream habitat refers to the physical, chemical, and biological attributes within a stream
channel that influence the structure and function of the aquatic community.

45.1 Physical Characteristics

As a subset of instream habitat, the term physical characteristics specifically refers to the types
and distribution of physical habitat features present in a channel. Documentation of these
features provides data for classifying streams, identifying disturbance gradients and determining
their effects, and helping guide stream restoration efforts.
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4.5.1.1 Geomorphic Channel Units (GCUs)

Geomorphic channel units (e.g., riffles, runs, pools, etc.) are fluvial geomorphic habitat types
that describe scouring, channel shape, and overall habitat patterns in streams. The abundance
and distribution of GCUs are noted, mapped, or tallied in each of the protocols. The QHEI
protocol uses GCU abundances in its habitat diversity/quality score. NAWQA also uses them to
establish the reach, unless the units exceed a maximum length of 2000 m.

4.5.1.2 Discharge

Flow regime affects biological condition and other instream factors (e.g., habitat structure, water
quality) (Poff et al. 1997). Species distributions, abundances, and competitive interactions all
rely upon natural flow regimes (Poff and Allan 1995, Reeves et al. 1995, Greenberg et al. 1996,
Poff et al. 1997). In-situ discharge measurements can be difficult in large rivers, require cross-
sectional depth and water velocity measurements (made with a current meter) (e.g., LR-BP
calculates discharge at three places: top, bottom, and middle of reach), and only give an
indication of the discharge on that day. It is preferable, if a gauging station exists nearby, to
obtain these data and calculate mean annual discharge, 50% exceedence flow, and an estimate of
flow variability (NAWQA, MDEQ). NAWQA does not require flow characterization at non-
wadeable sites if no USGS gauging station exists for that stream. Many large rivers have gauges
along them and these data can be used to simulate discharge at different sites along the stream
using area-weighted adjustments. In addition, hydrologic models can be used to simulate
hydrology for a site and can be calibrated using nearby gauge data. These simulated data can
then be analyzed for standard measures of hydrologic behavior (e.g., mean flow, 7Q10, flow
duration, flood frequency, etc.)

45.1.3 Substrate Size

Substrate is influenced by geology, climate, topography, and disturbance. Mountainous rivers
are naturally characterized by fundamentally different substrate patterns than coastal or alluvial
rivers. Substrate is an important habitat feature for benthic organisms because it influences
habitat stability, interstitial habitat quality, refugia, and nesting habitat. Measurements of
substrate types or sizes are, therefore, important components of physical habitat assessment. The
MDEQ adopted EMAP’s method of characterizing substrate types visually or by feel with a pole
in the thalweg along the entire reach and in littoral plots at each transect. The QHEI scores
substrate by the two most dominant types in the reach. The LR-BP uses substrate
characterizations to guide macroinvertebrate sampling (Chapter 6, and Blocksom and
Flotemersch 2005). NAWQA does not require substrate sampling at non-wadeable sites.

45.1.4 Embeddedness

Embeddedness is a measure of the percent of substrate (gravel-sized or larger) surface area
covered by sand or finer particles. Embeddedness is another measure of substrate condition and
is an important indicator of disturbance and potential stressors to benthic organisms. The MDEQ
protocol specifies estimating the percentage of the wetted width covered in silt at each transect.
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The QHEI similarly estimates coverage of silt and scores the reach by the percentage covered.
NAWQA does not require embeddedness estimates.

4.5.1.5 Large Woody Debris (LWD) (i.e., Snags, Root Wads, Down Trees, etc.)

Large woody debris (LWD) offers habitat for attachment, feeding, and cover for stream
organisms. Wood can be the only stable substrate in naturally sandy waters or those with high
siltation problems. Instream wood habitat is related to the production of both macroinvertebrates
and fish (Angermeier and Karr 1984, Benke et al. 1985, Lisle 1986, Dollof and Warren 2003).
The EMAP, NAWQA, LR-BP, and MDEQ protocols specify tallying LWD habitat pieces within
the channel during the downstream float of the thalweg and transect sampling. The EMAP also
places LWD into length and diameter classes to estimate surface area. The QHEI includes LWD
presence in the instream cover metric.

4.5.1.6 Aquatic Vegetative Cover

After wood, instream vegetation is the next most important organic source of stable substrate for
attachment, feeding, and cover. In large rivers, where depths, clarity, and flows often do not
allow for vegetated growth near the center, there can be extensive littoral areas which provide
essential marginal habitat for stream organisms. Similar to embeddedness, vegetative cover is
primarily estimated in terms of areal coverage. The EMAP, LR-BP, and MDEQ estimate
vegetative cover in littoral plots at each transect. The NAWQA records presence/absence of
cover of any type (mineral or vegetative) at 22 points along the shoreline. The QHEI specifies a
visual reach-wide estimate of all fish coverage, including vegetation.

4.5.1.7 Riparian Cover

This parameter refers to the amount of the stream channel influenced by the shade of riparian
vegetation, mainly trees and shrubs, and is an important feature for organisms in that it
moderates water temperatures and provides habitat. Riparian vegetation is also an important
food source and the level of riparian cover will influence the abundance of organisms that rely on
allochthonous resources. NAWQA takes two measurements of riparian cover at each transect,
open canopy angle and riparian canopy closure. Open canopy angle is measured (with a
clinometer or compass) from the center of the channel to the tallest object on each bank. These
angles are subtracted from 180 to give the open angle. Proportional estimates can be calculated
by dividing the open angle by 180 (Fitzpatrick et al. 1998). Riparian canopy closure is measured
with a spherical densiometer at each transect (Fitzpatrick et al. 1998). EMAP also uses a
spherical densiometer and measures canopy cover at each transect in four places: left bank, right
bank, upstream, and downstream. The LR-BP, MDEQ, and QHEI protocols visually estimate
and score riparian cover, but the MDEQ and LR-BP protocols make estimates at each transect.

4.5.1.8 Off-channel Habitat
Off-channel habitats (e.g., backwater areas) are often important spawning and nursery habitat as

well as refugia during high flow (Merritt et al. 2005). All protocols note, map, or tally off-
channel habitat within the sample reach. The MDEQ protocol has a metric that is scored by the
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number of off-channel habitats that exist in the reach. The QHEI scores the presence of these
areas in the instream cover metric. The presence of off-channel habitats is more likely to be
documented by study designs using sampling reach lengths based on repeating geomorphic units
or multiples of the wetted width (e.g., EMAP). Remote sensing techniques can add information
on the location, number, and types of off-channel habitats if the resolution is high enough.

4.5.1.9 Temperature

Although not specifically discussed in any of the protocols except EMAP, water temperature
measurements are commonly made during habitat assessments. Biological communities
inhabiting coldwater rivers are markedly different from those in warmwater rivers, and many
states have established temperature criteria for each type. Temperature should also be measured
if dissolved oxygen is being measured because these two parameters are related. Temperature
can be measured with a thermometer, temperature meter, or temperature field logger. Logger
measurements characterize daily temperature fluctuations, annual mean temperatures, and
seasonal extremes; whereas point measures on the day of sampling are primarily useful for
locating thermal pollution or calibrating dissolved oxygen readings. They are less helpful for
interpreting organism data.

45.2 Chemical Characteristics

Water quality is an essential component of habitat quality and must be assessed along with
physical habitat condition to make sense of biological trends and to aid stressor identification.
Chemical characteristics include all dissolved constituents which influence pH, conductivity,
trophic status, and toxicity. EMAP outlines protocols for water sample collection for detailed
laboratory analyses and also in-situ sampling of certain water quality parameters. The LR-BP
collects river water samples as outlined in Kaufmann (2000). Detailed water quality analyses
suggested by the EMAP program are acid neutralizing capacity (pH), nutrient enrichment or
dissolved inorganic carbon (for trophic condition), chemical stressors (nutrients, cations, anions,
iron, and manganese), and classification of the water chemistry type (Herlihy and Hendricks
2000, Lazorchak et al. 2000). Water quality studies conducted in the NAWQA program are
extensive and focus on assessing physical and chemical characteristics of stream water, including
suspended sediment, dissolved solids, major ions and metals, nutrients, organic carbon, and
dissolved pesticides, and on relating these characteristics to hydrologic conditions, sources, and
transport (see Shelton 1994 for more details and Tables 4-2 and 4-3). This section only describes
the sampling included in most protocols.

4.5.2.1 Dissolved Oxygen and Conductivity

Dissolved oxygen is used (with temperature) to determine, in part, suitability of the habitat for
biota. Specific conductance (i.e., conductivity) is a measure of the capacity of the water to move
an electrical current and is related to ionic strength (many ions can be stressors). In-situ
measurements of dissolved oxygen and conductivity are easily obtained with a field meter or
data logger containing the appropriate probes. Care must be taken, however, to calibrate the
meter and check the probes and membranes regularly, ideally before each field day. Point
measures of these factors provide limited information for management or biological analyses, but
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they can help indicate where a problem may lie in order to guide more intense sampling efforts
or study. Diel dissolved oxygen data can be collected by deploying dissolved oxygen probes
with logging capacity and used to examine oxygen behavior over 24-hour periods. This can
identify oxygen sags, which typically occur in early morning before most field crews sample.
Low dissolved oxygen, even for short periods of time, can be stressful for many taxa.

TABLE 4-2. Analytical strategy for basic fixed sites in NAWQA (Shelton 1994).

Field measurements

Dissolved oxygen, pH, and Alkalinity
Specific conductance (consider hourly)
Temperature (hourly for 1 year)

Laboratory analyses

Total Suspended Sediment

Major constituents: Dissolved solids, Major ions and metals (Calcium, Chloride, Fluoride, Iron, Magnesium,
Manganese, Potassium, Silica, Sodium, Sulfate),

Nutrients: Nitrogen (Total, Total dissolved, Ammonia, Nitrite, Nitrate), Phosphorus (Total, Total dissolved, Ortho),
Organic carbon (Suspended, Dissolved)

TABLE 4-3. Analytical strategy for intensive fixed sites not required by the basic fixed site analyses in
NAWQA (Shelton 1994).

Field measurements
Specific conductance (hourly or daily for 1 year)

Laboratory analyses

Dissolved Pesticides:

Amides, Carbamates, Chloropheoxy herbicides, Dinitroanalins, Organochlorines, Organophosphates, Pyrethroids,
Triazine herbicides, Uracils, Ureas

Miscellaneous
Actifluorfen, Dicamba,1-Napthol, Bentazon, 2,6-Diethylanaline, Norflurazon, Bromoxynil, Dinoseb, Picloram,
Chloramben, DNOC, Propargite, Clopyralid, Esfenvalerate

4.5.2.2 Nutrients

Nutrient concentrations (nitrate, nitrite, ammonium, total phosphorus, ortho-phosphorus,
micronutrients, etc.) are important indicators of human disturbance and trophic status of rivers.
EMAP procedures specify sampling 4 L of bulk water that is kept cold and shipped overnight to
an analytical laboratory. Shelton (1994) provides detailed descriptions of various samplers,
sample techniques, storage, and QA/QC directions.
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4.6  Remote Sensing Applications for Habitat Assessment

Remote sensing refers to data on the spectral qualities of objects gathered by sensors located
some distance from those objects. For habitat assessments, remotely sensed data usually are
gathered from one of three sources: interpretation of satellite images, aerial photographs, or
infrared photographs. The collected images, which are used to build GIS databases of watershed
land use and land cover data layers, can also be used to measure many instream habitat
parameters. Remote sensing technology is increasingly being used by scientists to collect data
and analyze environmental parameters at much smaller scales. The characteristics of the images
(i.e., resolution, spatial coverage, temporal relevance, and spectral range) determine the utility of
the image for gathering habitat and watershed data (Faux et al. 1998, Legleiter et al. 2004,
Boivin et al. 2005). Remotely sensed information can be particularly useful for large river
habitat assessment because the size of such systems is more conducive to broad spatial analyses.
Habitat features that have shown potential for this type of analysis are: channel width, stream
shape and sinuosity, sedimentation and sediment grain size, riparian and catchment vegetation
patterns (type and coverage), watershed land use and land cover, riparian corridor width and
extent, type and extent of off-channel habitats (e.g., floodplain, wetlands, and side channels),
aquatic vegetation type and coverage, water temperature and other watershed disturbances (Faux
et al. 1998, Mertes et al. 1993, Mertes 2002, Poole et al. 2002, Whited et al. 2003, Charbonneau
et al. 2004, Lymburner et al. 2004, Legleiter et al. 2004, Boivin et al. 2005). Remote sensing
should be used to augment field measurements, or in some circumstances even replace field
measuring. For example, Forward Looking Infrared (FLIR) has been used as an efficient and
inexpensive tool for monitoring stream temperatures at the watershed scale and even to
individual habitats in western streams (Norton et. al 1996, Faux et al. 1998). It also holds
promise for use in detailed sub-meter accuracy channel morphology on a watershed scale.

Laser imaging detection and ranging (LIDAR) is another remote sensing technology that
provides precise and accurate topographic resolution. LIDAR is being used by fluvial
geomorphologists and will likely become a valuable and efficient tool for accurate
characterization of river floodplain and channel geomorphology, including depth and width
profiles. It can also be used to accurately measure riparian characteristics, including tree height,
biomass, density, and leaf area. Clearly this technology holds great promise for large river
habitat assessment.

There are some constraints to obtaining these data for programs without a GIS expert on staff or
access to remote sensing images. Over time, however, these barriers will be reduced and
inclusion of such data where available is encouraged. Tools currently available for
characterizing stream and watershed characteristics are: Analytical Tools Interface for Landscape
Assessments (ATtiLA), National Land Cover Database (NLCD) and aerial photographs.

Regions and programs with well developed GIS capabilities should plan to use these data for
habitat assessment purposes as much as possible. Remote sensing is an important additional tool
that will allow efficient, safe, and inexpensive characterization of many important habitat
features over large spatial scales. As the technology of these tools improves, their applications to
large river assessment programs will undoubtedly increase.
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4.7 Unnatural Disturbances

Historically, pollution and hydrological modifications were the dominant disturbances to fresh
waters. These problems continue today and also include extensive transformations of the
landscape including mining, forest harvest, agriculture, urbanization, industry, and recreation,
which have resulted in a wide variety of environmental impacts (Richter et al. 1997, Bryce et al.
1999). Over the last 30 years, legislation and new technologies have led to progress in treating
point sources. Notably less successful are efforts to address diffuse pollutants and non-point
sources, which have become the dominant inputs to river ecosystems and are extremely difficult
to manage (Smith et al. 1997). The transition from undisturbed to human-dominated landscapes
has altered ecosystems on a global scale and made the quantification of land use/land cover a
necessary component to any study of ecosystem condition (Meyer and Turner 1994, Vitousek et
al. 1997, Carpenter et al. 1998). The primary human induced changes to large rivers fall into
three categories: land use alterations, direct hydrological changes, and channel modification.
Within each of these categories are several human activities that have been linked to stream
degradation. Assessments of large rivers, therefore, should include at least a cursory survey of
the disturbance history of the waterbody so that changes in habitat leading to stressors of
ecological condition can be linked to their sources. The stressor identification process and the
development of stressor-source relationship models are necessary first steps in developing
restoration plans.

4.7.1 Land Use Alterations

Agriculture and urban development have long been linked to physical habitat degradation of
streams (Richards et al. 1996, Roth et al. 1996, Wang et. al. 1997, Allan 2004). There are
hundreds of studies that document statistical relationships between land use and measures of
stream condition (Allan 2004). The extent of land use transformations nationwide is substantial.
For example, agriculture is the dominant land use in many large river watersheds in the USA —
the area of six major hydrologic units (the Lower Mississippi, Upper Mississippi, Southern
Plains, Ohio, Missouri, and Colorado) are more than 40% agriculture (Allan 2004). Due to the
recognition of the importance of watershed land cover to ecological condition, many programs
include watershed analyses to evaluate causes of stream habitat degradation. Wilhelm et al.
(2005) developed the non-wadeable stream habitat index (NWHI) based on scores of seven
habitat variables (riparian width, LWD, aquatic vegetative cover, embeddedness, bank stability,
thalweg substrate, and off-channel habitat). These variables were selected for the NWHI
because of the strong relationship with catchment and riparian disturbance gradients. As
discussed above, immediate access to land cover data may be limited for some programs, but the
need to include such data in river assessment must be recognized and set as a programmatic goal.

4.7.2 Hydrological Modification

Confounding the effects of land use is the extent of direct hydrological modification to stream
and river ecosystems. When irrigated agriculture and hydropower are common, dams and
diversions convert rivers to eutrophic impoundments and alter hydrologic behavior. Such
alterations may create ideal pond habitats for alien invasive species, form impassable barriers to
migration, reduce channel complexity, or eliminate some aquatic environments altogether.
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Altered stream flows are well known to be associated with poor channel habitats, erosion, bank
instability, and lower base flows (Poff et al. 1997). Species distributions, abundances, and
competitive interactions all rely upon natural flow regimes (Greenburg et al. 1996, Poff and
Allan 1995, Poff et al. 1997, Reeves et al. 1995). Ecological perspectives on human disturbance
and biological responses require consideration of how human actions directly and indirectly
affect stream and river channels and flow (volume, duration, fluctuations, and timing). Dynesius
and Nilsson (1994), Graf (2001), and Reisner (1986) offer excellent summaries of how human
water management practices have fundamentally altered rivers. The location, dam
characteristics, and impoundment features, where available, should be included as a data layer
for GIS development and also taken into account during habitat assessments.

4.7.3 Channel Modification

Many human disturbances alter channels indirectly by causing excessive sedimentation that fills
pools, increases bank steepness, and reduces habitat complexity. In addition to those indirect
impacts on channels, humans directly alter channels through dredging, wetland and floodplain
draining/filling, channel straightening, and even active channel filling and development. These
activities are used for navigation, flood control, and near-stream and shoreline development, all
of which are typically accompanied by additional habitat stressors during their implementation.
While information on the time-since-alteration, extent of alterations, frequency of impact (e.qg.,
annual dredging), etc. may require some research, they are ancillary data that may be very
helpful in understanding habitat patterns and setting restoration objectives.
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Chapter 5.0 Algae

with contributions from Lei Zheng®

This chapter... 5.1 Introduction

» presents methods for sampling : . .
periphyton and phytoplankton Algae are a highly diverse group of photosynthetic

. recommends a periphyton-based organisms with unicellular reproductive structures.
approach They have important functions in aquatic habitats as
producers of organic matter and play a vital role in
inorganic nutrient retention, transfer and cycling
L e (Stevenson 1996). Large bodies of freshwater, such
riverine food web . . .
. important biological indicators as large rivers, are usually dominated by diatoms,
«  the most responsive indicators for which are generally referred to as microalgae. The
nutrients degree to which components of the algal
assemblage are used in bioassessment and
monitoring programs across the country varies. Diatoms, for example, are widely used as
indicators, whereas cyanobacteria (commonly referred to as blue-green algae) and green algae
are only occasionally used. This is in part because of differences in taxonomic development,
availability of tolerance values, and availability of protocols. The routine use of algae as
indicators is also more limited often due to a lack of expertise within monitoring entities.
Another factor limiting use is the substantial spatial and temporal variability in species
composition even without changes in water quality (Wetzel 2001). The use of cyanobacteria has
recently increased because of a need to monitor the occurrence and extent of harmful algae
blooms.

Algae are...

* abasal food resource for much of the

It has long been recognized that pollution can change the structure and function of the natural
algal assemblage, especially diatoms (Patrick et al. 1954, Patrick 1977), and thus have
substantial utility for biological assessments. A number of algal metrics and indices (a majority
of which are diatom metrics) have been developed and used to indicate various environmental
changes. Most of them belong to one of three categories of methods. The first category is the
saprobic system and its derivatives in which diatom assemblages are characterized by their
tolerance to organic pollution (Kolkwitz and Marsson 1908, Liebmann 1962, Sladecek 1973).
The second category is based on the classification of diatoms according to their sensitivity to all
types of pollution (Fjerdingstad 1950, 1965, Coste 1974). Fjerdingstad (1950, 1965) classified
diatom species according to their ability to withstand varying amounts of pollution and then
described communities in terms of dominant and associated species. The third category of
methods is based on the diversity of diatom assemblages. These methods include plotting the
number of species against the number of individuals per species (Patrick 1968) and calculating
diversity indices (review by Archibald 1972).

This chapter provides brief reviews of several different protocols for sampling periphyton and
phytoplankton in a variety of ways (Hill and Herlihy 2000, Stevenson and Bahls 1999, Moulton
et al. 2002). The LR-BP for periphyton presented here is an amalgam of methods used by these

! Tetra Tech, Inc., 400 Red Brook Blvd., Suite 200, Owings Mills, MD 21117
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programs. If field sampling methods other than those recommended are more suitable to your
program, they should be thoroughly tested to ensure that they return data of sufficient quality and
provide the capacity to address their intended and stated purposes.

5.1.1 Benthic Algae Overview

The benthic algal assemblage in streams and rivers is increasingly being used as an indicator of
environmental condition (USEPA 2002). Sampling is generally active through scraping rocks,
sticks, or other substrata, or passive by use of artificial substrata. In streams where flow and
substratum characteristics create efficient interactions between water and the benthic algal
assemblage, benthic algae reflect recent water chemistry (Lowe and Pan 1996). However, in
large rivers, suitable attachment surfaces may only occur along banks. In some cases, little
suitable substrates may be present for sampling, which may limit the utility of benthic algae as
indicators of water chemistry in some rivers. This is particularly relevant in impounded systems
where light and flow rates are reduced.

Periphyton assemblage composition is strongly influenced by land-water interactions, and also
by river size and the level of human disturbance. In relatively undisturbed rivers, primary
productivity is directly correlated with stream order because the surface area of substrata
available for periphyton production is increasing and light penetration is adequate. With the
increase of ecosystem disturbance (e.g., deforestation and agriculture), periphyton production
declines with increasing river size and turbidity (Naiman 1983). The appropriate sampling depth
for periphyton in rivers, therefore, will depend heavily on turbidity. It should be noted,
however, that periphyton photosynthesis can occur at relatively low light intensities

(e.g., 5-25 umol m? s (Wetzel 2001).

Bioassessment programs use algal surveys for two primary purposes: 1) to quantify biomass and
2) to characterize species composition. Benthic algal biomass can be generally characterized by
different measures, including cell density/biovolume, chlorophyll a, ash-free dry mass (AFDM)
and dry mass measurement. Qualitative field observation of algal status also helps to identify
environmental impairment in rivers. When combined with chemistry information and other
biological metrics, qualitative site ranking of the algal assemblage can help decision making.
The Kentucky Division of Water (DOW) (2002) uses a 1 (lowest quality) to 5 (highest quality)
scoring system and a number of criteria to describe the algal assemblage. The criteria include
phytoplankton density, presence/absence of floating algal mats, diversity of several divisions
(e.g., chrysophytes, chlorophytes, cyanobacteria, rhodophytes) and the thickness and color of
filamentous algae.

5.1.2 Phytoplankton Overview

Phytoplankton is that portion of the plankton composed of algae and cyano bacteria. In general,
phytoplankton diversity and biomass are much greater in high order rivers than in low order
streams, although their productivity is also often limited by light, as is true for periphyton. The
sampling depth of phytoplankton is also regulated by flow, turbidity, and light. In deep, well-
mixed large rivers or shallow rivers (i.e., 2-3 m in depth), one phytoplankton sample collected at
the depth of 0.5 to 1 m may be adequate. Usually, it is desirable to sample the main channel of
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the rivers and avoid inlets, backwater, and sloughs areas. If it is determined that phytoplankton
distribution is variable or patchy in a very heterogeneous river channel, compositing samples
from multiple locations in a reach is recommended. The planktonic assemblages in general (i.e.,
phytoplankton and zooplankton) are potentially useful indicators of environmental condition
because they are important to the trophic structure of larger rivers, and they are likely sensitive to
a number of anthropogenic disturbances, including flow regulation, habitat alteration, invasive
species, and contamination by nutrients, metals, and herbicides (Angradi 2006).

Important issues to consider prior to launching a program using periphyton or phytoplankton as a
biological indicator include:

sampling period,

quantitative and/or qualitative samples,
collection method to use,

substrata to sample,

target indicator to use,

whether to composite samples,

sample locations, and

level of taxonomic identification.

Additional issues to consider associated with phytoplankton include:

hydrologic seasonality,

distance from impoundments,
presence of flushable backwaters, and
water residence time.

5.2 Discussion on Algal Methods

The protocols in this section have largely been designed for specific applications. However,
most can be adapted to meet the differing needs of researchers and resource managers,
depending on specific objectives for individual programs and projects. A few questions should
be addressed before selecting a field protocol, including, will the focus of the sampling be
quantitative or qualitative? If the focus is quantitative, how many parameters will be measured?
Is the targeted habitat a single habitat type or multihabitat? Other aspects of the protocol to
consider include reach lengths, sampling points and transects, and algal count methods.

Biomass is often the primary concern when extensive algal growth and associated nutrient
enrichment are present. For this type of assessment, quantitative sampling to characterize algal
biomass is the best approach. However, algal species composition, especially for diatoms, is a
useful tool for metrics and indicator development, and can be characterized as relative abundance
of individual taxa in a sample. Table 5-1 summarizes the advantages and disadvantages of
various algal measures.

Different field sampling methods for freshwater algae can yield similar results (taxonomic
composition and relative abundance) providing considerable flexibility in selection of field
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techniques. This is likely due to the general ubiquitous distribution of algae in water bodies. As
a result, field efficiency can be increased by allowing for the coordinated collection of multiple
assemblages at the same collection points of a single design. For example, to facilitate the
collection of periphyton sampling from a study reach without significant increases in field time,
periphyton samples are regularly collected using the collection techniques discussed in Sections
5.3 and 5.4, but using the field design developed for the LR-BP for benthic macroinvertebrates
(Chapter 6).

TABLE 5-1. Advantages and disadvantages of selected algal methods.

Measures Purpose Advantages Disadvantages
Rapid Quantifying macroalgae Provides relative Requires 3-10 transects for algal
periphyton and periphyton cover and ~ biomass of dominant cover. Increases field time.
survey thickness in a stream macroalgae and
reach. periphyton without
laboratory processing
and counting.
Chlorophylla  Frequently used for Measures only the algal ~ Has a relatively short holding time
indirectly estimating algal  portion of the biomass. (24 hours) before filtering.
biomass. Samples must be kept on ice, in a
freezer, or in liquid nitrogen in the
field, and in the dark prior to
laboratory freezer storage and later
analysis.
AFDM Direct measure of algal Adds little additional Can include debris and other
biomass. field time. organic material in the sample.
Easy to analyze in the The proportion of algae, bacteria
laboratory. and debris can significantly change
the AFDM/dry mass ratio in a
sample.
Dry Mass Direct measure of algal Adds little additional Silt can account for a substantial
biomass. field time. proportion of dry mass in some
Easy to analyze in the samples.
laboratory. The proportion of algae, bacteria
and debris can significantly change
the AFDM/dry mass ratio in a
sample.
Cell Density /  Estimates the total number  Provides the most Costs more and requires longer
Biovolume algal cells in a sample accurate and reliable processing time.
area. estimates of total algal
standing crop.
5.3 Field Sampling Methods

Although there have been efforts to develop broadly-consistent sampling protocols, some

differences remain. Basic sampling approaches for periphyton and phytoplankton are provided
by the USEPA RBP (Stevenson and Bahls 1999 in Barbour et al. 1999), USEPA EMAP (Hill
and Herlihy 2000), USGS-NAWQA program (Moulton et al. 2002), and the USEPA EMAP-
GRE (Table 5-2).
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TABLE 5-2. Major large river periphyton and phytoplankton sampling methods.

Program

Protocol Summary

Citation

USEPA RBP (periphyton)

USEPA EMAP-Surface
Waters Non-wadeable
Streams and Rivers

(periphyton)

USGS NAWQA Program
(periphyton)

USGS NAWQA Program
(phytoplankton)

USEPA EMAP GRE
(phytoplankton)

Representative samples taken from natural materials
(organic and inorganic) and from artificial substrata,
and are scraped, drawn, or washed into sample
containers; all microhabitat types sampled, or all
surfaces from artificial substrata scraped. As
appropriate, composite sample preserved or frozen
(analyzed for taxonomic composition, biomass,
condition index).

Individual sample units are taken at eleven transects
over a 40 or 100X sampling reach length, on each
bank. Use stiff-bristled brush to dislodge periphyton
from defined area of rock or wood, wash into sample
container as composite sample. Preserve or ice, as
necessary. Syringe used to draw sample from soft
sediment (analyzed for species composition, relative
density, chlorophyll a, biomass, enzymatic activity).

Qualitative and quantitative samples taken from
epilithic, epidendric, epiphytic, epipelic, and
epipsammic habitats over a 500 to 1000 m sampling
reach. Use, as appropriate, tools to scrape from
rock, wood, or other plant material, and some
suction device or spoon to draw soft sediment. For
guantitative samples, 25 representative subsamples
with controlled effort, and composited into one
sample jar. Preserve on ice as necessary (analyzed
for species composition, relative density, chlorophyll
a, and biomass.

A subsurface grab or depth/width-integrating
sampler is used to collect a quantitative whole-water
sample. A 1-L sample is sufficient for productive,
nutrient-enriched; larger volumes up to about 5 L
may be necessary for unproductive, low-nutrient
rivers. Subsample volumes may range from 50 mL
to more than 500 mL. Subsamples are prepared for
chlorophyll a, particulate organic carbon, and
biomass.

A quantitative phytoplankton sample is collected as
a ~2-L. composite and preserved with formalin.
Samples are analyzed for assemblage structure, body
size distribution, and trophic structure. Separate
water samples are collected for chlorophyll a
analysis.

Stevenson and
Bahls 1999 (from
Barbour et al.
1999)

Hill and Herlihy
2000

Moulton et al.
2002, Porter et al.
1993

Moulton et al.
2002, Porter et al.
1993

Angradi 2006
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Periphyton data were found to be more consistent across different field designs (Charles Lane,
US Environmental Protection Agency, personal communications) than are benthic
macroinvertebrate data or fish data (Blocksom and Flotemersch 2005, Flotemersch and
Blocksom 2005). Collection points for periphyton are, thus, relatively flexible and can be placed
according to the needs of the less-flexible designs for benthic macroinvertebrates and fish, thus
increasing field efficiency. The field sampling design of the LR-BP for periphyton, as presented
in this document, is configured for field compatibility with that of benthic macroinvertebrates
(12 sampling zones) and fish LR-BPs (Chapters 6 and 7).

5.4  The Large River Bioassessment Protocol (LR-BP) for Periphyton

Each sampling site consists of a 500-m reach. The GPS coordinates correspond to the
downstream end of the sampling reach. At each site, there are a total of six transects. Transect
A is located at the downstream end of the reach (0 m) with the 